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' Foreword 

H^wffTi^is a smal] state, limited in both land area and natural Vesources. 
It is therefore vitally important that our citizens understand and appreciate 
the^nature and limitations of the resources to insure that those resources are 
managed in the most effective manner to provide enjoyment, comfort, haf^piness, 
and opportunities for self-realization, for all Hawaii *s people now and in the 
future, ^ , 

fs This guidebbok has been designed to help teachers develop students* 
awaireness and understanding of one of Hawaii *s valuable resource^--coral , 
Coral constitutes an important part of both Hawaii's land and sea environments 
and is iipportant aesthetically, ecologically, politically, vocationally, 
economically,, and geologically. While coral is a renewable resource, t;^here 
are definite constraints on the, degree of" this renewaiJility in terms of sheer 
growth rate and ability to survive adverse physijpa] and biological conditions,^ 
Human beings have a definite impact on existing coral stocks and affect 
eavironmental conditions which allow coral to grow'. 

This guidebook attempts to bring the intfH^l^fionship between humans 
and natural resources, in particular coral, into sharp focus so that public 
school students who are future citizens can learn to take responsibly action 
in dealing wijth H^wait's natural resources, , . , ^ 




Charles G,\Clark 
Superintendent 
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Although the material in this guidebook was prijnarily designed fot- 
Intermediate level students, many the activities have been used 
successfully with upper elpmentary and high sthool students iji 
conjunction with a study of'the marine environment. , - 

The approach Used in this guidebook reflects the direction of 
the Hawalii State Department of Education's Environmental Education 
"Prdgram ahd ttr^ptrrWsopftjr-that ^ducdt^ ^ i n th i s a rea should- te 
concerned witfr the't Interrelatedness of. humans and their environ- 
ment. This Guidebook attenpts to give teachers a tool to help thejr 
students come to an understanding and appreciation of this fnter- 
relatedness, . 

'4 

It is no^j^expected that a, teacher will be able to take, the class 
orvall of these field trips or be able to do all' Of the activities. 
Ed£h field Vriv ^ unit complete wUhin itself, aVthough it also 
relates to all the other field trips in ipme*way. .Field trips are 
arranged into "topics" which are cfimpletei within themselves. Topics . * 
are divided into teacher background material, activities, and^ ' , 
questions. Answers to the questipns are provided parenthetically 
for the teacher when it was thought to be necessary. The back^rou^^d,^ 
material is provided for your informatfon and does not necessarily need 
to be the basis of a class lecture. Often, the Information given as 
background will come out during the various activities .planned for'that 
'topic and in the questions, . ' ' . 

For each field trip the major instructional goals and^obJectives, 
performance expectations, and essential competencies from The^Environ- 
nienta-l Education K-12 Curriculum to'whose attainment the activities 
can contribute have been delineated . 
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FIELD TRIP I - JCANEOHE BAY 

I 

lostructional Goflls \ . 

' When .faced. with decisions concerning the use of terrestrial and . 
extraterrestrial resources, students will select practices developed 
in recognition of present and future environmental arrd humans needs. 
•Students will demonstrate an appreciation for the interdependence 

of living things in the closed earth system*v 

* s. 

Instructional Objectives ' " 

.Discuss the physical features of the coastal zone areas Sc, SS, HS 
of Hawaii - . ' . - , 

-Explain why algae and coral are renewable resources and Sc, SS * 
discuss the constraints on this renewability. 

Identify and explain important functions of algae and , Sc, N 

corals* * ^ 

Give examples of h.ow survival of arr organism depends on Sc, SS, H 
Its ability' to adjust to its environment. 

Explain h<M people make the most of thei*c adaptations Sc, -SS, H, N 

through the use of th^lr intelligence.. ■ , .» 

Collect evidence showing how ^he "balance of nature" ' Sc, SS 
has become upset with the reinoval (or add1tion> of a . 
species" from (or t6) an. ec6- community. . . 

Explain the- complexities of.an ecological problem with^ , Sc, SS, H, LA 
in a given ecosystem. ^ 

Identify an ecological problem in tttfe coimTunity ^d . - SS, Sc, H, lA 
design a program to correct it. \ 

Report on an overload system that they haye observed. LA, Sc^^^N 

Formulate a liypothesis about how changed environmental SS', S^, H 
practices may affect ecological balance. ^ , ' 

Discuss how. the manlpulattoo of one. environmental ' SS, Sc, H ^ 
element .effects all elements. , , -x~ ' 

Suggest wa^s to guard against ctetrimentaT environmental • Sc, H, LA, ^S', V 

manipulations of ecosystems., ' , - C 

Collect data to,111ustrate the change' in algae species Sc, H, SS ) 
th^t result from 1nci;^ased detergent u^e. 

Identify Industrial practices which rtilrtimize detrimental' , SS^c, H, BPA, 

Impacts on the environment, ' " , C/ 
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Performartce Expectations 

Cites examples of statewide* nationwide or worldwide environmental 
problems . 

Cites examples of social^ pq^iticaH or economic decisions which have 
caused, envi ronmental problems. 

Uses a variety of resources to gain information on environmental mattery 

--€oftduc^-54fl^hle 4nvesti to gain first-h^nd information on * 

environmental matters* 



Describes ins^truments or methods that can be used to gain information 
about envi ronipents or change an environment for a d^ired result. 

Integrates information gained from resources with information gained 
through di rect ^experiences to develop understanding t)f environmental 
7(iatters ♦ v 

Describes the iabact of various industries on the environment* 

\> ^ ■ ' < - 

Cites examples of\negative and positive ways hwnan being can change 
the environment, i . 

\ 

Describes the effects of environmental changes on the beauty. of an 
envi ronment ♦ 1 ' ^ 

Identifies state aop federal gQvernment agencies primarily concerned 
with environmental itaanagement" or contr'ol* 

Identifies non-gove^ment groups primarily concerned with envi ronmeptal 
matters . ^ 

Describes the resporsibillties of state and federal agencies for 
^ environmental managtmeht^V control* 



Describes the functi 



envli^onmental matters* 



Jdentift^s sta^ or 
the environment and 

Identifies spefel'fic 
live in harmony wit^ 



ons of non-governmental groups cohcerned with 



federal laws designed to protect f>eop]e,anjd 
discusses t#»ei> effectiveness* , 

contributions one can make to help human beings 
tfie environment. * > \ 



.11. 

A3 



Essential Competences 

Reach reasoned solutions" to conmonly gncouatered problems. 
Use resources iFor flfdependent ^learning. 

Demonstrate knowledge of .the basic structure and^ functions of national, 
state, and local governments. * 

Demonstrate knowledge of important citizen rights and responsibilities. 

- 0 . . 

I 
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. TOPICS DISCUSSED : 

1. WHAT CORAL ISj WHERE IT GROWS; ITS BIOLOGICAL NEEDS; AND TYPES OF 
.CORAL REEFS. 

Z. KANEOHE BAY AS A HABITAT FOR CORAL; PAST. PRESENT AND FUTURE. ' 
3. . THE IMPORTANCE OF PLANKTON. 



FIELD TRIP SITE: Coral Gardens GUss Bottom Boat, Heeia Kea Pier, Kaneohe 




The Glass. Bottom Boat offers a view of the different kinds of reefs 
in the bay, living coral, and coral covered with "green bubble alga". 
It also offers an opportunity for students to see plankton and animals 
associated with the reef. The Glass Bottom Boat .of fers either 1 or 2 
hour cruises of the bay. Call 247-0375 for cost information and 
reservations. See appendix for a description of programs available. 
Heeia Kea Pier has restrooms and a snack bar. • • 



AS 
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INTRODUCTION ^ ^ — 

Kaneohe Bay is a unique Hawaiian habitat. It is the largest pro- 
tected body of wateK in the state; it supports^ large expanses of living 
coral; it has examples of three different types of coral reefs; it has 
been the centler of environmental controversy for the past deca<te. There 
is much aboyt- the l)ay that is of environmental interest. The field trip 

into the bay on the Coral Garden. Glass Bottom Biiat al lows ^Students to 

■ ^* . 

see the different types of reefs, reef animals. and plankton a.t close hand, 
i^re-field trip activities will help students understand what they see 
in Kaneohe Bay. ' ■ # 
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PHYSICAL DESCRIPTION ^ 

Kaneohe Bay is the largest protected body of -water in the state. 
It is 12.5km long/ 4Jt£m wide at the center, and 20m deep at its deepest 
^ ' point. It provides excellent examples of dtfferent kinds of coral reefs 

The bay is protected from the ocean by an extensive barrier reef ^hich 
' ^ 'runs across its mouth and breaks the force of the waves. Barrier reefs 
are characteristically separated from the land by a deep lagoon channel 
Otherreefs include Scattered ' patch reefs > which are small, isolated re 
and fringinq reefs which g>ow along the margin/of the land. ' 

Two channels, one at either end, f&cilitate the exchange of bay 

V 

water with fresh ocean water. This exchange is not adequate to completely 

flush the south end of the bay, making this part a '^semi-isolated lagoon". 

^. 

b'iological description a 

Biologically, the interior of Kaneohe Bay is a "protected co^l 
O A6 ' 
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community", due to the presence, of the ba«r1er reef, Th'is habitat suppert^ 
CgraK^whiGh grow well in calm water. The dominant coral is the "finger 
cofal",. Pprit^s compressa . Ttiis coral grjows t*ni and thick, providing v 
cVevices aftd ho.fes for fish and- bther ajiifrtals ta hide in. Because it / * ■ 
provides so muc^i' protection', it can support a great deal of life, ' ^ 




TOPIC 1: WHAT CORAL IS. WHERE IT GROWS, ITS BIOLOGICAL NEEDS 

Host corals are colonies of many small sea anemone-like einimals 
called polyps. fik5^ll/^^^. Coral Polyp 



-J) 




mouth 
tentacle 
hollow body 
limestone corallite 



Each polyp secretes a small €up*like structure of limestone, called a 
corallite . The corallite provides"support and protection for the soft- 
bodied polyp which is able to retract into the corallite when not feeding. 
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The polyp has a circlet of tentacles surrounding a central m^th, 
which opens to the hollow bo<ty cavity. The tentacles are armeA vi^th 
stinging cells that enable the coral to capture small floating^ arj^mals 
called zooplankton . ^ 

Some corals, such as the mushroom coral, ( Fungla ), are sjng£J& polyps. 



but most grow in colonies* In the colony polyps are larifcer-c 
by tissues that lie as a thin skin over the non-livl^g skelet|[>n 



polyps are continually secreting calcium carbonate Uilch caus|es |the colony 



nnected 
The 



to expand outwards and upwards* 




The. skeleton gives the coral colony its ^iiape, while the living 
tissue gives the color* Removal of this thin'layer of tissue leaves,, 
with few exceptions, a white skeleton* 

Corals can reproduce by asexual or sexual methods; Asexual "budding" 
results In the growth of the colonies by the subdivision of existing . 
polyps; while sexual reproduction results in a tiny planula larva which 
swims away to form a new colony* 

16 ■ 
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Some corals are called "reef-building^* or hermatvplc corals, and 
this alludes to their efficient production of calcium carbonate. This 
ability is enhanced by a symbiotic (mutually beneficial) relationship 
with marine plants. Reef corals contain tiny one-celled yellow-brown 
algae called zooxanthellae in their living tissues. These algae are 
so numerous as to^give the living coral a brownish hue (although the 
color can be overridden by the coral's own pigments). 

In the coral-zooxanthellae relationship, the zooxanthellae receive: 

K protection, within the coral tissue; 

2. carbon dioxide produced by the coral which they use to make 
* carbohydrates during photosynthesis; 

3. nitrogen and phosphorous from tlW^TOral's vj^te products. These 
nutrients are in greater concentrations in the coral tissue than 
they are in the sea and are essential elements in plant growth. 

The corals, on the other hand, receive; 

K nutrition, in the form of soluble carbohydrates which are leaked 

from-the zooxanthetlae; 
2. an increased ability to produce calcium carbonate, the exact 

mechanism of which is not known. 
Since zooxanthellae are plants, and must have sunlight for photo- 
synthesis, the growth of reef-bui Ming corals is restricted to clear, \ 



shallow, sunlit water. Temperature af^ears to be important also, as these 

\0a^ /coOr\ ^ 



r^tur 

corals flourish only in warm oceanic water between 20°C {68°F) and 



30^C (86^Fl* The requirements for warm water. and'abundant sunlight 
restrict reef-building corals to the tropics. 
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' Corals have a limited tolerance to sediment, changes in salinity 
(salt content of the waterK and exposure to air. They also require 
adequate water^movenient to provide food artU oKYS^n. . 

Corals are the most iinport ant group of animals on a reef 'contributing 
to general habitat diversity. Coral reefs are characterized by having an 
irregular stirface wit|( man/ holes and caVes and their accompanying changes 
iri light af)d water jnovementsJ. Generally, a more complex environment will 
support moi^e animals of different sorts than a simple one (see "Habitat 
Diversity", In-Class Field Trip). 

"When it is realized that the storey corals are the key species iri 
the overall reef ecosystem, .it can be appreciated thd.t. the. destruction 
of all or most of tJ^e living corals on a„reef would have a drastic and 

immediate effect on^ the entire reef community /'I . This^ is a good point 

... ' / 

to l^eep in mind as you begin the study of Kaneohe Bay. ^ 

1 Oeas, and S. Oomm, 1976. Corals of the Great Barrier Reef . 
Ure Smith, ^idneyi 127pp. 
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ACTIVITY I - Pre-FieldTnp ■ ' . 

Objective : To understand the basic b'iology and ecology of li vfng^coral . 

Procedure : Dr. Art Reed of the Zoology Departmerrt of the .University* of 

Hawaii has prepared the film strip **Living Coral T How It Grows and 

Reproduces" to be used with this unit. This film strip cSin be obtained 

from your district office. It is very important that $tudent9 view 

this film strip at the beginning 6f their study^of corals, as it givw 

basic hacKground information that they will need. You may fihtJ it useful 

to sliow the filV^strip again after the class has discussed the filmsfrip 

in order to*clarify points brought up in the dis.ctjssfon. 

♦ , "... 

''^^ ' > 

ACTIVITY II - On-site ■ . ' -^l^ " " 

Object! ve : To recognize fringing reefs (those associated with the ^ 

shoreline);: patch reefs (isolated in the bay) ; and the barrier' refef . 

(located out at the mouth of the bay). (To Jocate the barrier reef* 

look for surf breaking on the front of it); / " .\ 

Procedure : Ask students to point out the' different kinds of reefs as 

yoir,see them. 

ACTIVITY III > On-site ^ . [ - ' - 

Objective : To relate' the differei\t colors *of the water to the chang^sjn 
depth and substrate on the reef. " ' ' \ ' > ^ 

Procedure : As you pass the reefs * hav^ the students notice the cQlor . r 

■ y ■ ■ " ^ 

changes and»answer the following questions: , \ . , 



WhyM? the, water different colors? (Wfferent depths and 
" / different materials on the reef tops.) 
2. As you approach a reef can you guess the type of ^ottom that 
each color refers to? 
\ 3^ l}nce the boat is stopp€;((J on the r6ef , look through the bottom 
of the (>oat. What are^the different kinds of materials 
that cover the bottom? {Live coral, dead coral rubble/ sand, 
green bubble alga) 
4. Can you relate these different bottom types to the different 
colors of the water?' . \ J 

Can jrou tKlnk^of any reason why it would be useful to be able 
to Hell bottom t^pe and depth from the colors they give througti 
the water? (For fishing or navigating a boat) 

'w 

ACTIVITY HV T On-site ^ *■ 

Objective : To observe Riarine life living hidden within the reef. 
Procedure ; Once on the reef, the crew of the boat will collect large 
chunks of green bubble alga for students to break apart. Many animals 
live within the folds of this alga because ft provider protected areas 
where animals can hide from predators- ^ i ^ - 

What other plants or animals on the reefWght provide a similar habitat? 
(Living coral provides homes and protecjtfion in the same way- If you were 
to break up livexoral you would see similar kinds of small reef animals) 
this activi^^ty sh^^^hat there are more animals on the reef than you 
would think; 




Identification of animals in the green bubble alga : 

Comnon animals found in the alga are colonial filter feeders , Th^se 
are encrusting colonies of tiny animals. They my b,e smooth and ^e^bite, 
dotted with small holes, or hard and crusty. The wtiit§ ones are colonial 
tuni dates , .and the crusty ones are bryozoans , Br1ght1y^<Jlored sponges 
are cormion too. They are soft and spongy to th^e touchv 

Crustaceans such as cra))s and shrimp are common, but look for an 
inch long green one called a mantis shrimp . Large mantis Shrimp can be 
harmful, as their claws can, give a deep cut. These small owes are harm- 
less to humans. 




fljantis shrimp 



You'll probably see sfe^nted worms withr tiny bristles ^long tt/eir 
sides, and perhaps a tiny 6 or 7 armed: starfish. 



Appreciate the great v^^riety of tiny creatures that live hidden \ 
away in the reef. f 
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TOPIC 2; -KAHEOHE BAY AS A HABTTAT FOR CORAL - PAST, PRESENT AND. FUTURE 
Until the early 1960*s, Kaheohe Bay was well known for i t5;x4e,ar^' 
water^and coral-rich environment/ The bay wis: a favorite place*^^ fish-' 
iog, boating» water-skiing^ and swirmiing/- As the population of Oahu grew ■ 
,.and hlghw^s were built ot the windward, side Qf the island, the popuTation 
around scenii; Kaneohe Bay a^lso began to ^grow. As housing develi^ments 
Were built, vegetation' was stripped from. the hillsides^ leaving^the soil' 
exposed. , The heavy/rains that occur on^this side of the island, eroded 




the soil, washtng it Into the bay. Asphalt and concrete covered the 
watershed i nereis i^g' the impervious surface area*, and therefore cauSir^ 
increasled freshwater runoff into the^ay. Flood control channels were 
bdilt, takirtg the place of natural streams, again causing the raiTwaf&r ^ 
to rush into the bay rather tha/i sinkfng into the earth. Sedfments. ^ 
eroded front the^bared Jand and carried in the runoff waters were,ncf- ^ * ^ 
longer 'depbsited downstream but transported via these smooth chaflffiels, 
into the bay. After a heetvy rain, much of the tJa^, particularly the> ^ 
southern portion, becomes a characteristic re^-rbrown color as a result 
of thjs erosion and sofl transport/^ > . 

Jncreasfed urbanization also' broOgnt^increased sewage, and fT'om'the 
1940*s until 1^78, Sewage was dumped into the.louth end of \^ ^ 
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the bay. Since there are only two deep-water channels into the'bay, 
circulation in the bay, especially in the sourth end, is poor/^ Howeveif^; 
circulation was adequate as long as the biologtcal stresses w^re few.- 
As soon as large ^moVnts of silt^.freshwater^runoff and sewage ;began v " ^ 
pour*7j)g ifito the bay, tjhe circulation was no longer adeqilate ti;cl^ianse 
the are^!. : ^ On^ 



The sewage acted as fertUizer for the algae in the bay. Phyto-^ 
plankton (plant plankton) began to bloom (show a rapid population in- 
creasle) causing the water to become ^reen and murky thus decreasing 
the amount of light reaching the corals* The "green bubble alga", 
Olctyosphaerla cavernosa , began to' grow to giant size, in some cases 
overgrowing and smothering the corals. ^ 

Corals are sensitive animals. They need clean seawater of a normal 
salinity and adequate light so that the tiny algal cells within their 
tissues can photosynthSsize. They are able to cleanse themselves of a 
small amount of silt but are srothered under large amounts. New'coral 
colonies must have a hard, non-shifting surface to grow on* All of the 
environrrtental stresses heaped on the bay were ^detrimental to the corals, 
and because the ^corals provided a habitat fjor great multitudes of marine 
life, these also decreased* ^ ^ ' ' 

New kinds\f marine life began to <Jominate the south end; huge 
growths of sponges, long orange s<a cucumbers, large expanses of zoanthids 
(colonies of s^a anemone-like ^nlinals)-, and the already.meHtioned "green 
bubble alga*\ these life forms were abl^to take advantage of the new 
environmental conditions/ The sputh end of the bay wasn't '-dead", but 
the environment had definitely shifted to a less aesthetically pleasing 



one* 




On 



In the ini6-1970'5 Kaneohe Bay became a heated environmental issue. 
The film "Cloud Over a Co'ral Reef" documented the plight of the bay in 
a highly emotional fashion, and public pressure dem^inded that govern- 
mental officials take action- Plans for the ',sewdge to be'dumped outside 
of Kaneohe Bay were made, and 1978 it became a reaflty/ Some changes 
are'not reversible, however, and it is likely that the bay will never 
be con^letely as it was. Nutrients and toxic chemi cals stored in the 
^^diments will continue tO' be released for some yeans, *Algae wilVcon-' 
tinue ta be abundant/. Some corals may never recolonize in damangeX^a^^s, 
and when recolonizal^fon^^ take place* reef formation and community 
developmejn't WiTV take mny years- 

< ^, Still to be\solved 'is the, problem of silt and freshwater runoff, 
because, they Will continue to hamper the spread of living coral reefs 
bade into damaged areas. The Envi roninental Protection and Health Services 
Division, Department of Health, State of Hawaii , is working bn. solving 
Hawaii's water quality problems. See the appendix to this sectiorf for 
a discussion of "Regulations &nd Procedures Controlling Water Runoff anc(^ 
S€fdimentation", 

^1 ■■ 

ACTIVITY V - Pre-Field Trip, 

^Objective: To, understand how a coral reef can be destroyed. 
Procedure : As previously mentioned in the Biological Description of 
Kaneohe Bay, the film '*Cloud Over a Coral Reef" instrumental in rall- 
ing support'to save the bay. It i% essential that students see this 
movie to get the most out of the Kaneohe Bay field trip, 

"Cloud Over a Coral Reef" can be obtained from the Main Branch of ^ 
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the State Lfbrary, i)epartment of Education Autjiovisual Services Unit 
^ f , ' 

or from the Audio V?sual Services^ Sinclair Library, University of 
Hawaii. The State- Library will take reservations for the film up to , 
1 month ahead of the .time it is to be used and wiJI loan it for 4 
days. UH. requires a written request for the film at least 3 working 
days prior to the 4^ of use. There is no^ cliarge at the libraries. 
M^in pqints presented in the movie: 

1," The different kinds of reefs (patch or button, fringing, 
- barrier, atoll). ^ 
' 2. ^ Why reefs are beneficial to marine artimals and humans. 
3- Threats to living reefs: 
a, "*crown-of-thorns"* , 
starfish, 




L 
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b. siltation., 

dredging* sewage ' " crown-of-thorns 

. starfish 

(this part was filmed in 
Kaneohe Bay) . 

The^following questions can be used for a discussion of the movie: 

'J 

1. What are the names of the different kinds of coral reefs 
shown in the movie? (atoll, barrier, patch or buttpnv 
fringingjv ^ ' ■ . 

2. What do coral reefs provide for marine animals? (Protection, 
homes; food,) ^ , 
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3* What do coral reefs provide for islands? (Protection from 
<• . * 

wave erosion, ) 

• 4. What do the coral reefs provide for humaiis? (Food, ' 
aesthetic enjoyment, recreation-diving, surfing) 

Of - - — 

5* What kinds of things threaten living coral? (Crown-of-thorns 

starfish, silt, sewage, dredging, ^reen bubble alga) 
6* ' Why caA't corals grow in areas covered Ijy silt? (Corals 

' need a hard surfacej^to attach to,) 
7* Uhy are the effects, of sewage poUOtion worse in Kaneohe Bay^ 
than in offshore areas? (Poor circulation in Kaneohe Bay:) 
'8, What kinds of plants and animals thrive on the pollution' in 
the bay? (long orange sea cucunber,' sponges, green bubble 
alga.) ^ , ^' ' 

9, What part of the bay showed the worst affects of pollution? 
Uhy? (Sout^ end, because of poor circulation, site of 
outfall ,^<adyanced urbanization.) < , / 

10. How did 'this movie make you feel? 

ACTIVITY Vl - On-site - ^ 

Objective : To see Kaneohe Bay ^tojlay. in the light of its history, 
procedure; Use the following questions to focus students*' observations 
of the bay. ^ ^ 

1, Look at the Koolau Mts. What do the steep, deeply eroded. 

lush palis tell you about this area? (Lots of rain,) 
2* Kow many bare, red hillsides do you see? How many areas 
of new construction activity? 

. ' 2G ^ 

/ 

Alb ^ ^ 



3- When the boat is over the patch reef, look for the green 
bubble alga-' Is, it still growing over the corals? 

4. Look at the color of the deep water. Does it have a green 
ish cast from excess phytoplankton, or a reddish cast from 
recent land runoff? When you go over the patch reef does 
the water seefn^clear or murky? 

TOPrC 3: THE IMPORTANCE OF PLANKTON. 

Plankton is a very general term applied to small aquatic 
organisms whose relatively weak swiimrtng capabilities result in their 
being randomly carried about by the ocean's currents- Plankton includes 
both plants^ (phyt<]^lankton; phyto^plant) and animals (zooplankton; 
zw^animal)* in the ocean the phytoplankton are the primary producers. 
In ^ manner similar to that of land plants they provide the Tink between 
the sun's energy anO^all of the animals higher in the food wet^ Small 
zooplankton eat phytoplankton, and are in turn eaten by larger 
zooplankton and small fish, 4M so on. 

' Corals also. utilize plankton as food, tfut rather than actively 
pursuing their prey, ^cdrals remain stationary on the bottom and depend 
on water movements to replenish their food supply. The plankton are 
captured by the tentacles surrounding the moutt of each polyp-\^ 

Some zooplankton are wholly planktonic, spending all of their Hfe 
drifting in ocean currents* Other types of*animals are -represented in 
the zooplankton only dufing their larval stages* Corals are such anijnal 
releasing their planulae as plankton into the water to disperse to new 
locations* This e^lains wl(y similar corals, and other animals as well. 



may be found at opposite end$ of the ocean. 



ACTIVITY VII - Pre-fleld trip* 

Objective : To tmderstand what (Plankton is and its Importance in the 
oceanic food chain, 

Pr^dure : "Plankton - Pastures of the Ocean" (F551), 10 minutes. This 
fllmMs available through Audio Visual Services, Sinclair Library, 
University of Hawa,i1 or Department of Education Audiovisual Services 
Unit, f^r Sinclair Library request the film In writing at least 3 
Jworkfng day? prior to use* 

Questions for dlscusslon^on plankton: 

1. Can plants that live In the sea live 1n both deep and shallow 
water? Explafn, (Plants In the sea must live In shallow water 
so that they have sunlight for photosynthesis*) 

2. What Is chlorophyll used for? (To trap the sun's energy for 
use In the food chain*) 

3* Why are plants .important In the food chain? (They are able to 

1 '* 



produce 'food for animals using the sun's energy.) 




What are* diatoms and dinoflagellates? (Planktonic plants) 
What klnd^ of animals only spend their larval stages in the 
p,1ankton? (Fish and animals Which Ifve on the bottom, like 
cr9bs» lobsters, sea urchins and sea stars'*) ^ ^ 



Why do scientists stu((y plankton? (Th€y hope it. will p)iJ(Mde 

) 

food for human populations* It also gives Information on the 
distribution of larval forms and on ocean currents^*) 
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ACTIVITY VIII " Pre-fleld trip. 

Objective: To prepare for doing Activity IX b>; learning to tie knots, 
Materials : Rope (clothesline works well) 

Procedure : Use diagrams on the following pages to prepare student 
to secure their plankton nets to the ship's railing- 

A roun^^rn and two half hitches 

J 

Cross over and under, 




To plankton ner 



2. 




then over and under 
again, ^ 



net 



3. 




tjtzzzj: 



net 



pass free end oveiYllne 
attached to net and 
through loop, Ttghten, 
repeat one more ^Ime* 



4 




^ tighten /up 




ACTIVITY IX - On-site 
Objective : To see live plankton. 

Materials: Plankton net. When you make reservations for the cruise, 
let them know you want to do a plankton tow. You can use their net, or 
students can make their own. ^(See appendix for Instructions.) 

The tow should begin as soon as the boat has cleared the harbor 
(Be sure to stagger the lengths of rope for the nets 'behind the boat so 
they do not bump one another.) The plankton will be caught in a small 
bottle at the end of the met. Pass this around for everyone to see. 
Planktonic animals are small, usually clear, and come in a variety of 
shapes. 




Questions on Entire Unit* 

Discuss the interaction of hi^ns and reefs: 

1. What are the functions of a reef? (Protect islands from 
wave erosion, provide habitat for marine plants and 
animals} What benefits do humans derive? (Food, surfing, 
and other recreation activities, aesthetic enjoyment) 
2*, What do reefs require to develop ^and malntain-themselves? 
^ (Clear water, normal salinity, ^unlightj 

3. How can hunans influence reefs^ f Drerdging, land runoff, 
. dumping of wastes, cloroxing for fish, taking coral) 

4. What sorts of measures could'be adopted to protect reef 
resources? (Initiate fishing management, restrict coral 
harvesting, and control dredging, slltatlon, , freshwater 

, runoff, sewage. Insecticides, and Introduction of new 
animal species,) ^ / 
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PLANKTON 



In the study of ocfean life, It Is with the plankton that all things 
begin* The word plankton means "drtftw^r "wanderer*'* Hence, all 
plankton are those creatures that jRust iS^rift at the mercy of the currents 
Itdcause they are either too weak rbr top'small to swim against those 
forces* ► ' \ 

■ ^ ' The kinds of things included In the plankton are such things as 
larval fish, baby crabs, tiny shrink, bu^-l ike\creatures called copepods, 
o)ie-c^lled plants called phytoplankton , and many, many, many other tiny 
creatures of the sea. 

The pUnkton live In the surface witers of the ocean, and serve as 
the ultimate food source for many of the sea's la,rger creatures, 

A HOMEMADE PLANKTON NET 

Scientist have special nets with yblch^to' capture plankton, the net 
is towed through^the water behind a ship for 5 to 10 minutes, then is * 
brought aboard for examination* This is how you can make a net using 
pimple materlals you may find around the house* 

p^- MATERIALS NEEOEO: nylon stocking or pantyhose, scissors, needle and 
thread, wire clothes hanger, pliers, about 15 feet ef line, and baby 
food jar* 

STEP 1: Form a ring from the wire 
hanger, twisting the ends to form 
, a smooth joint* 

STEP 2: Cut the std^king as in the 
diagram* 

STEP 3: Sew the stocking onto the 
ring, leaving 3 evenly spaced V 
^aps where the bridle will be tied, 

STEP 4; Fashio a bridle, knotting 
three 2' lengths of line together 
on one end* Tie the other'ends to 
the hoop at the gaps* 

STEP 5; sliM a hem on the o^her 
end of the stocking net so that it 
dose not ravel. Then tie the jar 
on to the end of the completed net* 
Now you are ready for your first " 
towl 
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ORAL GARDEN GLASS BOTTOM BOAT 



Kaneohe Bay 
Educational Field Trip * Information Sheet 



Cruise #l i South Bay Patch Reef Cruise 

Depart pieV for 10 minute vjciruise to patch reef including narration on the 
major points of interest (the Koolaus* Chinaman's H^t* Kapapa Island and 
the barrier reef» Mokapu p4ninsula» Ulupau Head* Coconut Island) and a 
brief description of eachti.e** Chinaman*s Hat i? a sea stack* Ulupau 
Head is a tuft gone* etc. ' . 

Arrive at the patch reef where we will drift over approximately 500 yards 
of reef* Narration will include descriptions of the various corals* ^edC 
cucumbers* sea urchins* al^ae* and reef fish. 20 minutes is spent on wthe 
reef* 

Depart reef for a 5 to 10 minute spin aroimd the bay which will include, a 
plankton tow with a description of plankton in general* and the specifics . 
on the plankton that are nettedi a description of the Heeia fish pond and 
the operation of Hawaiian fish ponds in general* 

Arrive at ])atch reef where viewing over the bow and sides is encouraged. 
A diver will go over the side and bring up bubble algae- and any other reef 
anime^s that nay be found. The stay on the reef will, be approximately 
jlO minutes* and viewing may also be done thrpugh the glass boxes. 

Depart reef for 10 minute ride back to the wharf during which the algae 
will be available for inspection. A description of the various animals to 
be found in the bubble algae (crabs* shrimps, sppi^gea* tunicates « 
bryozoan* etc.), will be given and these animals may be inapected first hand, 

* , • 

Total timet Slightly less than one hour." (55-60 minutes) 



Cruise ^2 t North and South Bay Comparative Patch- Reef Cruise 

De])art pier for a 25 minute ride to a patch reef in' the north end of 
Kaneohe Bay. A complete narration on the history and geology of the bay 
and the Koolaus* a description of patch reefs, fringing reefs, reef flats 
and the barrier reefi and a description of major points of interest. 

Arrive at the patch ree^ for a 20 minute viewing of a healthy coral reef 
with a description of the various corals and the reasons this patch'yeef 
is healthy in respect to the second reef we will visit. 

Depart patch reef for 20 minute ride back to the south end of^ the bay with 
a plankton tow en route. Description of plankton in general and the 
specifics of the plankton netted will be given. 

'Arrive at the patch reef in the south end of the bay for a 2ol3.nute view of 
re^ that shows the effect of pollution. A description of tH% differences 
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between thfi healthy and an imheiilthy reef Irlll^be given along with a 
description of the corals; algae, reef animals** and fiali- 

Depart^-Teef for wotber plankton. tow which can be 'com|»ared with the results 
of th$ first plankton^.totf' in order /to shbv the effecte or pollution* A i 
history of the Heei% fish 'pond. ^ well as' a gepertfl description of ^ 
Hawaiian fish ponds will^be given tor abdult 10 minutes* 

'■4 ■ ■ ^ - ' .... ^ 

Arrive at patch reef where viewing w^x the^^bbw and sides is encouraged. 
A diver will go over the sidej^d, bring'up bubble^algae and jtfiv other reef \ 
animals that may be foxmd. ^Fhe stay on. the;retff Wil^. be approximately 
15 minutes* , ^ . * ' *V \ ". ^ ^ /" ' - 

Depart reef for 10 minute ri^e tuibk to the wharf, jiuri^ which the alft^)^. 
will be available for inspec^iiDn** ' A-descrlptiorr^af * the various animatiw to^ 
be fouhd in the bubble algate, (crikbSr sh;£^impSi aponges, tunicattesi ; -^^ 

bryo2oan, etc . Kwill^^be given .ahd\:fche^se ^^imals mflty be inspe^Jfe4^fir8t hand, 

Total. timet 110*115 mih^tee " * 
Cruise S^ t Optional .Program* - ; Y 

You desioi ypur own programs. .Ue*re flexible with all :the partf 'of 
Cruises #1 2« -The bay is a good ^.ocation for explpring sandbars and 
coral reefs, Hawaiian weather, history, and geographyi .mairine biology, etc* 

1 hour cruise (55-60 wihutes .piet ta i>ier) \ 

2 hour cruise (110-115 minut«ii pier to piet) - *■ 



General Information * ' - ^ - > ' - ■ 

. ' ■ 

1 • Boat Description - 49 passenger capacity - enclbtfe4 area for glass ^ . ' 

bottom viewing - -outside deck with guard rail9 ardiufid the bofit ft. long 

I 

2 • Location - Heei^ Kea Smkll.Boat Harbop, Kaneohe. 3 inlles- North on 

Kam Hwy ffom the, junction of Ultelike arid Kam Hwy. ^ ■. » ; 

3 - Schediffe - Arrangement* available 7 days a week. _ ^ . . 

k - Narration - We. will provide the narration if . you lilce' or you can 
provide your own' narration. A microphone is available with speakers 
inside aod outside of th« boat. ^ 

5 - Insurance - The boat is ftjlly , insured '"by First Insurance of' Hawaii. 

6'- Payment - Checks or. purchase orders should be made out tpi'^ 

Kaneohe B^y Cruises. Inc. 

taumilo St. . ' ' . ' ^ 

tfaimtoalp, Hi 96795 , . ^. 

' For further informa'tiort 'call 247-0375 ' ' . 

*' : . . .■ on 
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itJiS^S^Ji**™ ^ ^"''^ TO© Mtoe OFF IfelKlKl USING A 90,2 W 
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•i * 

IinWXIUn'lON. this limited *»y 1» Intaxted as in Introductory »ld for tb» novice »t»«fent 

^.^^ • f"^*™ Pltnktoa iboaix] ihlp on » BIL cruise. Most of the lork will 

25 SS!^«2Lf!!^L'"J^ii*** 5? >«y 1» •O^iy useful for wy ix»t*cniiae>ew»mlJiAtlc« 

of the pi«aerved plankton done In^the school litoratory. 

Mast of the plankters described here have been lelected on the basis of their frequency of 
tence or large mpbcr»» or because tlieir wique foim or color uke thai stand out. Many interesting 
and i^rtant species are not incltided because of their sull site, since mst students will have ool/ 
limited opportiiilty to use Magnifications above 3eK, It is ii^wrtant also to recognize that what 
Sr^f? captured In these tows are determined by mutf factors such asr a) where the tow was 
um* M the time of day» c) the season^ d) the depth at which the tow was ude, and e) the dimensions 
of the Mt» including the slie of the neth. Even the speed at i4ilch the net was towed can influence 
the Catch. 

teecTlptions of the «pecl»en5 are froi actual observations, and the sizes given are appnwima- 
tiooj in ADSt instances. It shnild be noted particularly that these figures can be misleading because 
u*ey MV be interpreted ts an averse size, For instance* the planlctonic vllusc Carinaria is hiown 
to reach a length of at least 30 at, but the Haildld tpeclams e»iined thus ftr are less than 1 on. 



1) Qass }totl«ophon; Moctiluo 



This anlMl is ahaped liJce a balloon* but is mre often fmd 
very ci^^ilad as though it had been popped, Ihere is a loc« coid- 
liteflnpllwthat is characteristic of the aninalv Ihe naie Means 
*Wit light»'*4i5 it is Quite linlncscent. It is not coam in our 
t9W3, SkwciMU wmr rettch a dlaeter of S 



2} Qw^fcnoflngellata; Cferatiiy tp. 



this nnaored aninl nay occur in short chains of two or three 
Mfanisas. Ihe curved spines (called horns) way be broken. There 
are alwut always a few in each tow. Since they are heavy aninals 
they sink to the bottoai of the speciaen dish v«ry quickly. The 
tverife loigtb is about 0.1 m 

" S 

3) Clnss Sarcodina 

i) Cy^Mdoporette i^- - ^ ^ 

Skeletons of these aninals are called ••tests," TMs one 
is a soMfiat bdbbly looking disc that maples a «af^-petalled 
flmsr head, each 'War U a separate chaster that has mutf 
tlmr tolet^ called fet^, peimittlng the anlsal to have coitact 
- with the t«ter. They n^r be ^vify clear, or sli|^tly tan. Hot 
ooam^ and quite jMall» but striking to see, 

b) OoblEerina sp. ^ 

There are •hm^ warn of these in thytows. They sink to 
^e bott^ of the coiner and become stuck -fo other plankton, but 
easily spotted fer the araf^e, pink^ rose color of the livij« 
llniMt» and by the distinctive ahm. Bmm Are coM»lataly covered 
If lon|,nt*lla-llka projections* while others my have vary tm. 
Tm test oomists of wmsf rounded chaabers of differiJ^ sixes. Clie 
.aMciat is a singla large* hollow iphere* scMtlaM aistakwi for a 
fish eti or an eye. 
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UNIVERSITY l?AWAn 
eiUE«WA11t MAMNC IAS 



c) artiierowl sp* ^ 

Ihli Itrftf coloniAl ndiolari«i mdml is ofttn namus 
la Um* The colon/ my bt mnd or sausage -thtptd, or Ml. 
BidiTiauil TMlieliriK we«r lite dots in tht jtlitinous wns 
widi becoatf fngilt shmlv afttr capture* A f«w tpeclMOs 
have been 2S m in dlwter,but n>st irt ibouM m across* 

f^MJUH (itUMIA (GOELfiOBWrA), 
1) CLASS HMrotoe 

•) GM»r Stptenofifaofm 




i) 



Hiis is t«all]r a eolcmsr of anli^l* ibicb 

Um in tba oeuston, batter ki^ aa tbe "Vctftuiueee Hui o* Hur*" 
Ytarr |oui« eoloolM an £ouDd at tiam, reoopiiaabU tbe bUbble 
nm ibieh is mil and roued, and bjr tbe blulab-UmDdar of tbe 
euttomdliif tlMuee* Ibera air be one or tio Mall, fla^^lika 
'ImvBtf' (aleo o^led mMm) auepiodad beloe tbe bubble floet* 
Ibe tentadlee Mgr be mimiag ae thay aie quite delicate* Ihe 
t3oat aagr be ae larfe as 3CMD mt lone I6r tbeee yoMm eoloolee* 
Utaea anlaale poaaiaa etlef^nc cells, laMWi ae Mottocyau and 
oitm aaab on tbe 



W gjpimyhntm eltb dear, ri«id 



Cbe eonan apaeiM ie a clear* bullet-elvpad aai> 
Ml bevlnc e deep ncftcfa cut Into tbe adde posterior and**. JnoUier 
in also biillet-alkqied but bee eurvlnf rl40aa fu^^ tbe 
}, nlttted anterior and to tba posterior. A third anlml 
Ulwa«te«itlitel«lrc»lBkla«ed«H* ma bullet* 
a l«i«tli of fiO aw* asd tbe 



iii) 

TbiM flat, dlaoHifaapad anlnl ooloiy 
s«ll fLaalfi'lilfia (or aoite) ^ttacbed to tbe tnder- 

side of the disc, and mflarotii tentaclae d difltelnc leactfas 
tbat ny dande trm tbe ed|i» or apiread out aw tba surface 
of tbe eater Uice rm^. Ifae .eolony floats on tbe surface, 
(blots its a blulsb-lairsnder sitb s faint greea tlnsB* It is 
seldom seen* Altbatigb related to tbe ftnrtuguesa Han o' lbr» it 
is not knoan to htam peo|Os sitb its stlnslns oells* Ifae disc 
aagr be to 30 aai In dinatsr* 

^ 2) Oast Scyphcnoa (Jellyfish) and Oaii Hydroios (nedusa) 

amilt upldvitifisd creaturee tmy be f^ly 

oceacn In sow toes. Iba botibr (pr '*bair') is uaually dasr, but 
*ay be torn or eollapsed. Ib ntad e e imy or nay not be present* 
Ibey slflbt be true Jellyflab or the aMiuen (seruplanhtan) stas^ of 
SDM faoFdraid anlmls* Ibe bell aagr be 30 Ha In diaoster* 




bubble 



a "pcTioii" 

aij^le 
tentacle 



ycis^ speclaan 







BMjUM ARTmOPOW-Claaa Qrvstaoea 
1) Larva} Am (llaropls^lcM|^ 
n) Htt^lii 



am mdl and flat, but tbe cfaaracteristio trl-^ 
snd sany tiny lefa «k» tbaa eaay to spot. Tbay 
sesa to eettle to tbe bottom of a oontalner retlwr quickly* 
Itaara are eitber jaany or eone is a to». This is a diancttfi^- 
ti€ fspnMkictiw atast €i wmnjf ciuataoaa Including dopepods. 
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b) Crab l»rv» C*m>«*") 

These very yoimg crabs are called "loea'' and are^frequently 
present la fairly larfe nwbers* They vove about by flexing their 
loutt tail^like abdoMis, The upper body region bears tw stiff 
q^inesi one pointing forwards, the other bacimrds* Zoea eyes are 
large* often appearing shiny red or blue, Che species has spines 
totaling 30 lan or Aore* and are bawled red and mite. Body length, 
of sost specinens is l*Z na, 

c) Older larval crab C^C^lops") 

Older crab larvae are tergied "crab ■egalops," or the •'big- 
ey*** stage of growth. These look very Much like a niniature crab 
eSccept for the abdo»cn, ^ch^is still extended like a short stubby 
tail. Their tiny legs and claws bre^ off very easily. They are 
never found in large nuibers, A large speciiaen my reach 5 m 
•cross the carapace (body shell), 

^ d) Mantis shrii^ larva C*tlim") 

The larv&l stages of the wantis shria^ (also called 
**lqiiilla**) are known as **alimi** larvae and are easily recognized 
by the characteristic shape of the claws that give the aniiial its 
mm. Most of the body is covered by a flat, rectanguUr carmce 
that is quite broad and ha5 two sharp spines projecting ftoa the 
posterior comers- The abdomen terminates in a broad **uil,** 
Jhtf 9j% not ipicoMion. Youig larvae aay be 5 m loig- 

2) floXoplahkton < 



i) Otlacua w^. 



re wdtmt c a p ttnA with- long 
lUdi are ofUn teld at right an^en to the body, Ibey aj« 
fMsant la lajve mrtais la rape tarn, and qMlte oamm 
la Mt« aontttlBM tlwy^are a trigtit blue* There are wriller 
^mdm that a«y be >«d or bran, Ite larger apeclaau w 
hi 1^ to 4 n lone* 

W Cyclope wp, 

* 't 

Thl4 oiftll fl ff ffp ffll im Qovt eaaily reoopilaad 
b^tte alalia red '>r»** la the center of the head region, and 
the pceeanoe of tw> egg aace (One tan each vide of the tail) 
that are alaim alneya jJiieaent latfaanlae. * It aay reach a « 
lanfth of 1*5 onu 

Hi) am*arlna 

ItalA lATfe, wry flmt ud boroad oopepod im womt 
BOticaaUU for ita vivid IrldeMnoe* It im kncnm locally an 
the ^^^pagrdMdellc oopepod/* fltoharlna In aevnr abundant la 
toan* It In up to 3 na long* The Iridanoanoa cfaanfen fxan 
brilliant tUxm to red nft«r tbey have bean cauaht* 

Tbese oopepod fons have wide, flat, rectangular bodies 
that are crystal diar, since it is alwst always the nit, or 
abandoned shell, that is observed* They are not ceraon* They 
nay be to j m long* 

b) t^periidJ^phlpods 

These ai^4ilped cniataceans have laterally coa|iresaed 
bodl^ so they are alunys aten fro«^the side view* They are very 
beavy^ heve*long slender let% and oci^iouid eyea so Urft they aee« 
to cover the entire head region* They are not awon* The becks 
' of the mlnals m atrongly curved. Ihey nay be to 2 ai long* 
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TMs slender-bodied anlMl Is fr^uently bent «t such « 
sharp wle thst the csrepece tapptm bertXy sttiched to the 
ebdcMi. even If not bent. It Is cftsy to lift the cerepece frm 
the body with s needle. Ugs ere short, slender, end crowded to 
'the front of the eiuiml. THey #ty reich O.S pi In length. The 
^ csrapece ects as « brood chMer for ynrg, end this e^ro^ of 
enlMls ere famn as ''oppos^t^ shriaps/' 

d} CUss DMiapoda; tuclfer sp. 

This Is the only decapod ani»l that spends Its qtli e life 
In the plankton. It is long, flat, and very thin. Laiie co«|kww 
e^ are set^on long staiks and are easily brolaen off. M tetwae 
are long and flexible; the legs are short. They are very corMon 
lA scm tows. The wore TelFers to the clarity of ti* body tissue 
rather thm to wtfy relationship with the devil. They wmr teach * 
}0 m 1a lenath. 

•} Qass Qstracoda 

ttitll ecie aees the tiny legs, this aninal Is often Mistaken 
ioT e Mlliisc, perhaps because the aAiAal is encased In^a bean- 
shaped shell that Is hingfd at the top. Uvinfl specimens wy stm 
thSr pink, orange, or red color thnmgh the shell. One species 
iMis a heavy shell that la dijk brown. Shells lay be m»th and 
clear, or wattled, or heavily eibossed with raised deslgw lil^ r 
peanut shell. They are not usually found In mtf greet mMers. 
^ The ihell a^r be to S «^ lonit. 

f) Oess Insects; Haldbatea ^ 

* This Is t*e only oceanic insect kncMt,«)d la fb«d the %orld 
over. It is » surfao dweller related to the 'Smter strlder." . 
Hm body Is tafthaT ^ ^ear-shaped, bust the legs ate quite 
lcw«aslenler. Vhf oem In great nua«>era on the sea surface 
but are teldoa capntfed in our plankton nets because we are too 
close to shore and because they are very swift, Hawaiian 
•peclaMs wmy be blue-gray, Metallic blue, dr even ^k Inraim. 
The body Is *bout $m lfli»» h»it total anlMl length nay be 30 ffi 
or awe. 

ly^ Class Gastropoda 

a) Hateropods ^ ^ . 
^ i) Carlnar& sp»^ 

This nDllw bes a long, thick, eoft body that in trana- 
parent* The fleihy fin of the anln^ has vpucker In It, awl the 
aniJAl osy stay JuAt under the surface flljn In aAiat we lould coo* 
aider an ifieide-doan positlcn nost of the tine. They are not 
ooneo but woem tows may have several apeclnens. There is a tijiy 
conical abeil on the back of the aniiiAl that is very difficult to 
see. MImIs in our toes asy bo up to 40 an llMtagth. 

ii) Pteiotrache* so. 

This large, thick, long, ^nd colorless anlsal Is a shell- 
less sollusc. there Is a flap of tissue on the witral (bottcM) 
aide that acta as a keel, tod the head end'of the body Is extended 
into a long tii>e> Tiny eyes shine a vivid blue. There anLwely 
«m thM three or foir in a toi^* be ia) t& 100 «i loner ^ 

b) rteropods (pteropod • wlhg foot) 

i) Cresls sp. 

This long, slender, napering shell la fragile and say 
have the tip broken off. The young are transparent, but older 
^lla are epsque. The anlsal novas by scans of the two ear*111» 
Oaps. few say be in any tow, aeldoai msmus. Hqr be 19 to 



^} Budlo sp- , V ^ 

V Tltese timsptrent shtlls htve i strong triangulAr shipe 
md A wide opening. Older shells ire translucent » )mnger ones 
ore tTifispftrefit * Never amion.in tows^ Ihey My to 0,5 m 
long, 

iiij St>ir»tTlli sp< . 

These saMli; periwfekle-shtped shells be very coomon 
in two, Some have delicate raised checkerboard designs; others 
■ay be ridge^J*. Size ranges to a,2 m, ^ 

c) Glaucus ap, (nudibranch) 

This unlikely mollusc is seldcn found except when strong onshore 
winds are blo%/ing^ The aninal is a dark metallic blue on the dorsal 
side^ and silvery gray below, The projections (papillae) are used 
for^ttveAcnt and as a flotation device, Very young speciAens wy 
be quite plui|) with stubby papillae.. They have been found up to 
2S an in lengt)i, 

Jythina sp. 

This fragile globular shell occurs in fair nunbers irtien strong 
winds have.beefi blowing onshore. The shell is laveider to purple, 
as is the animal. They are closely associated with the^rtu- 
guese Han o' War (their food). There is frequently araft of 
bubbles' attached to the animal t which is their floution device. 
Shell size ranges up to 0,5 ai in our tows, 

t) Larvae 

i; Echinospira larva; Velutina sp. 



An unconoci^ but exciting fM^ is a large gelatinous 
globe that my be snooth or have scalloped ridges. There is an 
CB^ryo mollusc inside. Gentle pressure will extrude ^ mollusc. 
Some of these ^ryo "Cases" may be empty. The adiilt mollusc 
has Chewed the mass cut of a ttnica^e animal aid deposited a 
3U>vl^ eigg inside, Ihese cases ma/ be 1 m in diaiater, 

U) VeligcT laftca ' 

The ve^ young stages of many gastropod animals have 
crystal clear shells seemingly too snail to accanoodate the larva, 
Hovonent is «ccopqf»lished'by means of two flaps (th« veli^) that 
^have rapidly moving flagella alctv the edges. Shells may be 
tb 0,6 M in width. These larval sUges are called 'Veligers," 

. iW Class Pelecypoda; bivalve larva 

^ These tiny clam-like shells may be crystal clear, or tan 
or golden in color. They are often present in our to*^^ scne- 
times in large nmters. They may be ^» to 0<5 mn in width, 

m 

ftffUW CtDIOPHOW (T>e cow JEtijES}; Plgurobrachia sp. 

These little round animals are also knmn as "sea walnuts*' or 
♦*s«a fooseberries,** They may be very con■wn^ and-mra first 
noticed by the iridescent Hash of tiny rows of rapidly beating 
flattlla that range dMi the sidies of *the body,- The trailii^ 
tentacles are stick/7 tr^> i^od^ and,accumilate debris, 
Ctenophores-biolintttssca, Body size teaches 20 vi in dimeter, 

I .' -\ ■. 
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hnm EnwiocrA (Amm ftmmOj cyptumautci um 

llitM tn not C0Mm> but srt MsUy idcntifM ^ tht fUt, 
trl«fi|ul«rt cryi t«l clMT ihtll. If the lUbig anlMl is tiot 



disturbed the fligelli cm bt smi protnidlitt fron the comers 
This, liTvml state ie called a **CyvMmiu$" larva and ther ere 
vamUly OZS mTSr less, m» ten^tiroxoa** is a mry com bi 



imHOly 0*5 m 5r less. Hie ten^'tiyoxba** is a mry amm but 
is m linger ccnsidered the pi^Aper naae for this frot^, 

, PMmtwmGtyiefm (iw Mm worms)/ syittasp, 

Thes* lefu[, slender aniMas are often found in inbelievable 
iu«>«rs, especially in tows tafcm netr sewer outfUls or in 
nutricnt-rldi waters liloe Xaneohe b^. Ihe fins are hard to see, 
bit the goldefi curved bristles n each side of the Muth are not* 
The bodies are very dear^ rarely showini any hint of internal 
OTfans or of ingested tooi. Ihe anjBsl is usually about 5 m 
long, but et tlMs ify rsf^e ^> to 10-15 wm. 



AmifftAMLIM 
1) Oass fblychaeu 
e) Toipteris> sp* 



that spends 



lUs species of annelid wom is thrjialy 
V its entire life in the plankton* It is n^TcoMan in our toiii> 
but is instantly recoanlttble because of its ununial shape, and 
tr tM cricefiil tnduUtiens of the bodx is it pdas Qiroi^ the 
water* atiedaans mf reech 15-25 m in length. 



b) Mydieete mrm larvi 

All ether amelld wow spend their adult lives in or en 
the bottoer but the-larval stages are not infrequant in plankton 
tmi* Ihe earliest stafas of torn raaeirikle a globe co^aetoly 
enttetoed in long. cunrStg gMm bristles. Older stafees of groirth 
shOM the distinct head wlth^ or neri pairs of eyes that are 
a4to ttticeable, and idll^hav* a varying msiber of bod/ se^Mnts 
rdapending lai the age), fiach se^ott hu bundles of bristles 
(setae) on'eech side* SanetiMs> pieces of woms will h€ fbwd in 
the sai^e. The larva watf reach a length of 3 m in our towi* 
*"elid wm are also biow as 'lyrisue wm** polychaetes, or 
errant polychaetes* 

1} Thaliacea 

e) Salpa sp. , 

This soMewliat tube-shaped aniiMl is quite clear, and n^r 
be first vctl^ bf ^potting the lei-shaped stolon at the posterior 
end* There areNalsofinir short twering tentacles, as well as p 
criss-cross designcmted bf the bo^/ wscles which will help you 
tecogniie salpa. These salps are sonetiaes very abondant and nay 
leecE a length c£ m in our tows. 
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b) Soliolid 

llids« fAlikS Tes«iil)le cleir, birrels thit arc open 
*t both mA%. Thftrt tre faintly visibl* encirclinf niscle bands* 

ifid w0f be rtthtr cowm in 



1h«y ^tcn meir quite ihriveled| in 
MM tows* They «r* to 20 m icng. 



2) Urvacea 

*) Prltillaria tp. 

Tli» dense ovtl portion of this aninal is sctuilly t&±" 
mite body, except for the tmil* Ihese sre usually found in 
abmiknce in a tew, or not at all. The tail region nay appear 
slightly iridescent. The/ nay reach an overall length of I 

b) OikppleuTa ip, 

The entire body of , this snail aninal is apntainod within 
the dense oval region that ttsenbles a head. The flattened tail 
ryion is frequently iridescent. They are aLmt alwliys found In 
^ " in a tov. They are visually 4 m or less in length. 
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teFEREHCES : / 
Environmental Newsletters 

1. Hawaii Coastal Zone News, Sea Grant Marrlne Advisory Program, 
252B Spalding Ha11, University of Hawaii, Honolulu, Hawaii 
96822. Published nfOnthly (June 1978 issue highlights protected 

'' ^oral reefs.) 

2. 208 Uatercolumn. 208 Plan Project, Department of Health, 

Environmental, Protection and Health Services Division, P.O. Box 

.... 1 / \ 

, 3378, Honolulu, Hawaii 96801. Published every 6 weeks. 



Other 
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vBurrellt J. (1976), "The Reef: Yesterday* Today» Tomorrow" 
Ocean^^ol 9, No. 3 pp. 48-55. Excellent historical , 
overview of reefs. - . ' [ 

Deas, and S. Horn (1976). Corals of The Great 8arrier Reef . 
Ure s/ith, Sydney* 127 pp.. ^ *6 

Devaney^D* M. et al. (1976) Kane'ohe: A history of thangeV Anny ^ . 
Corps of EnglneersTPaclfic Oc^an Division, Contract DAC 1^4-" 
76-6^0009. pp. 271. See especially pages ^09-211. Libraries 

• stiouT^ have this, especially Kaneohe Library. , 

Johannes, R. ^ and D. Faulkner, 1S??6. "Life and death of the 
Reef. Audobon, ,Vo1. 78#5, pp. 36-55. A -not-to-be missed 
arWcle on coral reefs, with*-d1scuss1on of Kaneohe Bay. 
Superb photographs. 

Magruder, William H. and Hunt, Jeffery W., 1979, Seaweeds of 
Hawai i . 

Smltht Stephen H\ ^ Chave* Keith and Kani> Dennfs*K. 

Atlas of Kaneohe Bay: A^^ef Ecosystem Under Stress' . 'University 
^ of Hawaii Sea Gran;feHf^9rafnt February 1973. 
State of Hawaii, Dept. of Planning and Economic Development. 
ii and the Sea-1974. Hdwaii* 1974. 
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FIELD TRIP II - CAMPBELL PARK ^ 



Instructional Goals 

Students will etanonstrate ari appreciation for the interdependence of 
Jiving things in the closed earth system. 

When face4with decisions concerning the use of terrestrial and 
extraterestrial resources, students will select practices developed in 
recognition of present and future environmental and human needs. 



Instructional Objectives 

Explain what an environmental impact statement is and how SS, Sc 
it i^ used. 

Discuss the physical features of the coastal zone areas SS, Sc, HS 
of Hawaii. 

Discuss the change in flora and fauna from the seaward Sc 
limit of the coastal zone to the landward limit. 

Discuss the economic value of coral, SS , Sc, M, C 



Performance Expectations 

Predicts the effects social, political, and economic changes would have 
on the environment. 

Uses a variety of resources to gain Information on environmental matters. 

Conducts sinple investigations to gain first-hand Information on 
environmental matters. 

Describes Instruments or methods that can be used to gain Information 
'Tdbout environments or change an environment for a desired result. 

Integrates 'information gained from resources with information gained 
through direct experience to develop understanding of environmental . 
matters. 



Explains the effects of environmental changes on recreational 
opportunities* 

Describes the natural resources needed by various industries and relates 
the locations of those Industries to available resources. 

Describes the impact of various Industries on the environment. 

Identifies state and federal agencies primarily concerned with environ- 
mental management or control. 

Cites examples of negative and positive ways human beings can change the 
environment. 

Compares the aesthetic value of maintaining natural environments with the 
need for housing, inproved transportation, and Increased employment 
opportuni ties . 



Essential Competencies 

Reach reasoned solutions to commonly encountered problems. 

Distinguish fact from opinion In TV and radio news broadcasts, advertis- 
ing, newspaper, and magazine articles, and public speeches. 

Use resources for Independence learning. 

Identify the training, skill and background requirements of at least one 
occupation In which the student Is interested. 

Demonstrate knowledge of the basic structure and functions of national', 
state, and local governments. 



TOPICS DISCUSSED : • 

U ENVIRONMENTAL IHPACT STATEMENTS (EIS) 

2. COMPOSITION OF CORAL REEFS AND BEACHROCK 

3. ZONATION OF MARINE INVERTEBRATES, 

4. CEMENT - ITS ORIGIN AND MANUFAaURE. 



CAMPBELL PARK FIELD TRIP SITE 



CanpbeU 
Harbor 



Field trip 
site 




CAMPBELL 
INDUSTRIAL PARK 



MaUkole 




Hawaii Raceway Park 



To reach this' site from the Honolulu side of the Island* take the 
H-1 freeway towards Walanae. Take the Campbell Industrial Park» Exit 1 
turnoff. As you come to the top of the tumoff ran^ you will be on a 
bridge over the freeway below. Begin a mileage check at this point. Go 
straight ((own the road 1.5 miles, then turn right on Malakole Road. 
Hawaii Raceway Park Is on your left just before the turn. Follow 
Malakole Road for 1.4 miles and turn left. As you turn left there will 
be large white storage tanks to your right. Follow this road a short 
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distance until It ends by a quonset hut and an elevated propane tank. 

Park here* and (take a path leading off to the left. A short walk takes 

you over a small rise and brings you to the lovely beach which is the 

field trip site. 

Safety: 1) The beach rock is covered with algae and Is very 
sJippery. Caution students to walk carefully. 2) Be careful of 
the waves. Never turn your back to the sea. 

Barber's Point Beach Park Sanitary Facilities 

This site does not have any sanitary facilities, although nearby 
Barber's Point Beach Park has bathroons> showers ^nd drinking fountains. 
After the field trip you may want to stop at Barber's Point Beach Park. 
As you leave the field trip site and go back along Malakole Road, you'll 
see assign indicating the tumoff to the park. Follow It 1.1 miles until 
you come to an Intersection with a building with a "Carter Co., Inc." 
sign and an American flag on a flagpole in front. Turn right, and iAis 
road takes you directly to the park, 

INTRODUCTION 

Oahu has great areas of fossil reef that were formed when the 
surrounding seas were higher and wanner. Conditions like these may have 
occurred during an Inter-glacial period* a time when the polar ice caps 
were meltil^g due to a warmer climate worldwide, ahd the seas consequently 
contained a greater volume of water. When the glacial periods returned, 
and w^r was withdrawn from the sea to re-form the polar ice caps, these 
reefs were left high and dry, 
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The largest fossil reef area on Oahu Is the Ewa Plain, this area 

V 

contains Campbell Industrial Park, a small barge harbor, and i^^the site 
of a proposed 77 acre deep draft harbor. The fie]d trip site St on the 
beach, Diamond Head of the barge harbor. 

Pre-fleld trip activities will discuss Environmental Impact State- 
ments, using the one for the proposed deep draft^harbor as an example* 
On-site activities include examination 6f the structure of a coral reef, 
a beach rock bench^ and the zonatlon of marine invertebrates, as well as 
a look at the area to be affected by the proposed deep draft harbor. 




PHYSICAL DESCRIPTION 

Under the topsoll and sugarcane that covers the Ewa Plaln^ lies a 
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fossil coral-algae reef that extends 20*8 km along the shore Vrom Pearl 
HiMior to Kahe Point, and 4 to 4*8 km Inland at the wider points, cover* 



Ing approximately 64 -square km. This fossil reef and a similar one in 
Lualualei Valley are presently limestone quarry sites,. Limestone U used 
in the manufacture of cement. 

The field trip site lies along the ocean, Diamond Head of the entrance 



channel to the barge harbor. The sloping t^each Is made primarily of 
calci^reous sand. A "beach rock" bench is a prominent feature at the 
seaward edge of the shore,' while large chunks of fossil reef lie exposed 
along the beach. Broken pieces of the beach rock also lie exposed along 
the beach. 



This site has a westerly exposure,' and is generally calm. It should 
not be used If the suff Is high on this side of the Island, If the marine 
life Is to be studied along with the fossil reef, a day should be chosen 
when the maximum low tide is zero feet or less. If only the fossil reef 
Is to {)e studied, a low tide of one. foot or less Is adequate. 





Legend : 

A is Beach 
Rock Bench 



B is Chunks 
of Fossil 
Reef 




BIOLOGICAL DESCRIfTIOW 

The beach rode bench provides a hard substratum for the attachment 
of marine Invertebjrates. This bench can be divided Into 3 habitat zones. 
While the bench Is pitted wlth'^mall depressions, there are.no large 
tidepools or rocks to offer protection to the leW hardy species, and 
%the animals living here are all we11 adapted to a rigorous life-style. 
This bench Is relatively narrow, and the zonatlon of different species 
across It Is striking. 

TOPIC 1: ENVIRONHENTAL IMPACT STATEMENT - 

This section Includes a summary of the course of events surrounding 
the acceptance of the ZIS for a proposed.Barber's Point Deep Draft Harbor. 
It explains by example what'ilii' EIS Is and how It Is useful. Activities 
'Include discussion of this example* an on-site Inspectixin of the area 
to be affected* and the deve1op<nent of an EIS as a c1ass-de$1gned project. 



An environmental Intact statement, or EIS, 1s a written 
report which describes what may happen to -t he e nvi ronment 
should a project be carried out. For example* an EIS for ^ 
a new power plant would discuss air and water pollution, 
effects on marine life. Impact on fuel resources, economic 
and social benefits/costs, and long range effects on land 
lise In the surrounding area. 

(From EIS Handbook: A guide to Hawaii's requirements and 
process, by Ray Tabata» UH Sea Grant College Program) 



- Campbell Industrial Park Is a planned Industrial area which provides 
an alternative to the crowded and congested conditions of Honolulu. Its 
location, 22 miles from Honolulu on the flat Ewa Plain, TTT^good setting 
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for an industrial park. The coral ground provides good grading and drain- 
age for building* It also has an excellent Ipad-bearing capacity. Smoke, 
dust and other odors from the various industries are carried out to sea 
by the tradewinds, 



, Paclfi 
Ocean 




The park has a small barge harbor which is proposed to be expanded 
Into the Barber's Point Deep Draft Harbar. Controversy surrounded the 
^ proposal for this harbor^ Economists pointed out that the site would 
satisfy the economicsLof today, and the future needs for container cargo 
facilities. The site Is also appropriate In view of the Hawaii State 
government's plan of a "directed growth policy" toward leeward Ofthu. 
However, opposition to the harbor has* been expressed due to the potential 
adlSrse effects on local plants, animals and historical sites, 

Prq^ect ^/tfthorlzatlon falls urider^Sectlon 301 of the River and Harbor 
Act. The ailthorlzing document was published on February 25» 1965 and 
provided the justification for the project. The Arny^Corps of Engineers 
did model studies In 1967-6B. Through these studies It was decided that 



a trapexojdal shaped, 38 ft. deepv 7>aci^ basin vwuld be the best layout 
for the harbor. Since almost ten years had elapsed since the original 
studies, new studies were required to re-evaluate the project and to 
reaffirm the need for the harbor, £mphas1s In these later studies was 
placed on present and projected navigational , economic, social and 
environmental jcondltlons, A draft Environmerital liipact Statement was 
'prepared and s ubml tted- on April 12, 1976, With Its acceptance, detail 
design studies were begun. The final Environmental Impact Statement with 
comments was completed December 7, 1976, 

The EIS contains a brief project description which Includes maps of 
the area with and without the proposed project. The site Is described as 
a dry coastal area locked on an emerged ancient coral -algae reef. Water 
quality, chemical analysis and bottom characteristics were all surveyed.. 
A botanical survey revealed that the area contained the usual dry land ' 

vegetation with one significant addition, A plant ^believed to be * 
extinct. Euphorbia skbtfsber-gii var kalaelona Shei^f, was found on the 

7 ^ . ^ 

edge of the federal harbor limits in the area to be developed into shore* 

side facllitie'^and also on the privately owned land adjacent to the 

harbor site. S1n« its discovery It has been proposed for placement on 

the endangered st)ec1es list. If accepted. It will be one of the few 

plants in the U.S| to be legally declared endangered. 

Wildlife surv^s turned up only feral dogs and cats, mongoose, house 
# 

mice* and rats- The most prevalent species of birds were the barred and 
spotted dove, and, with the exception of the Black Cr(mned Night Heron, 
all Identified species were Introduced rather than native b1pds,4The area 
was found not to be a major nesting ground for ar^ particular species. 
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The draft EIS and final comnents w^re published in July, 1976, Many 
federal, city and county, and private agencies reviewed and commented on 
the EIS* Most felt the draft was adequate. Negative comments centered 
around the flushing characteristics of the harbor, plans for disposal of 
the dredged reef material , destruction of archeological sites and destruc- 
tion of habitat for the plant Euphorbia skottsbergii vac, kalaeloana 
Sherff, 

A sy^plement to the EIS was prepared in conjunction with post-atitho- 
rizatio^n detail design studies. These studies dealt with some of the 
concerns that had. been raised, A Cultural Resource Study was done, and 
27 sites were excavated. Not only were significant artifacts found, but 
targe quantities of b4^d bones were also found. The bones are from extinct 
species of birds Including a flightless goose, an eagle, the largest 
finch'beaked blrd^^^^^^ a raven, long-legged owl and a flightless 

rail* The study found that the area is archeological ly important and" 
eligible for nomination to the National Register of Historic Places. Work 
'inthis regard is being co-ordinated with the State Historic Preservation 
Office. All sites affected by the harbbr will be salvaged before con- 
struction begins* None of the sites recomnended for further studies are 
directly affected by the harbor, but 11 sites" are ver^ tlose to th^^rbor 
^Jmlts. Thfese sites will be salvaged before construction. The state 
will be responsible for further salvaging and recovery of sites that will 
be affected by construction of shoreside facilities. , 

Results- of additional botanical studies recommended the^ Inclusion ^ 
E, skottsbergii var. kalaeloana Sherff on the endangered species list. 
The state would have to Insure adequate protection of the plant with a 
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buffer zone added to assure protection* The area would preferably be one 
where the plant is growing naturally or, as an ^Iterjiative, would be an 
area with .suitable conditions to assure continued survival of the-specles. 
In addition to the reconnalssarice study, a'^recovery team was sent Into 
area to learn as much as possible about ttie plant» Its distribution and { 
propagation* ■ 

fensixleratlon of potential flushing problems and solutions were also 
par^of the detail de&ign studies. These problems were discussed with'' 
the Department of Fish and Gctme and other wildlife agencies. Concern 
centered around circulation, flus^ng and potential eihrophi cation ., it 
*was concluded that the residence t1me» the average time a parcel of 
^ater spends inj^th^/ ha«bor» of the deep draft h^J*Or would be signifi- 



cantly greater than that of the exi siting bajj^haif*bor. Fnesh water 
seepage' fV^om^ the groundwater Jens iato^^ ^^"^^"^ would Increase the 
level of themtrates In the^WjtfrO-fhls is a consequence of percolati^ 
Into the grodiwlwater of sugar,carl% irrigation tallwaters containing 
Inorganic fertilizers. Phosphate,'^^flother Vutrlent preser^ In the fertl- 
ll^er, was not present In the ground •water. the two compounds were 
both seeping Into the harbor, they Would cause the level of algae growth 
to Increase greatly and eutrophicatloft 

process generally reciting from excessive increases In mineral -and 
organic nutrients In the water. Thfe net effect Is a stimulation of algal * 
growth. If flushing Is -poor, the alg^e accumulate and the oxygen^ demand - 
resulting from decomposition and respiration at night reduces^ the dissolved 
o?^gen in th^ water.. This can seriously affect resident animal life 

and in extreine cases, like the Ala Wai Canal and occasionally Pearl Harbor 

i 



^ight occur. Eutrophlcatlon is a 
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can cause fish\i11s. However, since the^algal stimulation would require 
both nitrogen and phosphorus, and since the phosphate was not Appearing 
In the^gipund water entering the harbor,, it was determined that this 
would not occur, and that the e^ess nitrate would be flushed into the 
offshore water.. However, it was determined that the water quality would 
deteriorate due to the increased flushing time which would permit an 
increase in the accumulated algal biomass in the water regardless of 
supplementary nutrient inputs. TurlJidity of the water would likely 
increase^ and normal harbor operations would'Stir silt from the bottom 
as well as contribute various petrochemicals and industrial wastes to 
the water. ^ 
. The supplemental report also contained a Shoreside Facilities 

4 

Development Plan'. This preliminary report was submitted with the recom- 
mendation that the plans be dealt with in future separ^tte documents. 

The final EIS andOetail Design Studies were approved and construp* 
tion of the harbor should begin shortly. The economic value of the 
harbor can not t)e overlooked. A considerable amount of time and effort 
has been S^ent assessing this^value and finding adequate solutions, to 
the concerns raised by many people. Archeologi cal finds and the rare 
plant will be protected. Although the EIS process is long and involves 
some costs, the process insures that decisions affecting the environment 
will not be made solely on economic considerations, bu^t will involve 
thoughful consideration of the environmental impacts. 



r 



F«bnMry 1 979 



H«w»l'i CoMtal Zdn* N*w« 



State requests harbor land use change 



With the approv«d shoreline i^r\* 
afjement permit in hand for the prcH 
posed Barber* Point deep*draft 
harbor, State planners have 
requested the upzoning of egricuitu* 
ral land to the urban designatkm 
needed to begin the project. 
' The Oepartment of Planning and 
Economic Develo(>ment (DPED) filed 
the required petition with the State 
Lei;d Use Commission in January. 
The petitfon involves 166 acres of 
agricultural district land surrounding 
the harbor site and represents a' 
major -step, towards finalizing the 
Stete's plans for the $96.2 million 
harbor complex. 

Ho hearing dates are sleted for 
the land use petitioa filed by DPED 
on behalf of the sponsoring Depert- 
meni of Transportation. 

If the petition receives approval 
the U.S. Army Corps of Engineers 
wJtl undonike the initial task of 
dredging the harbor and stockpiling 
coral material at the project site^ at 
en estimated cost of $43.2 million. 

Federal furKis will provide about 
$41 .3 million with the temeining 4.4 
percent of the cost for initial harbor 
dredging to be funded by the State* 

TheStatewill pay^he entire cost of 
about $53 million for construction of 
tiarbor facilities. The projected year 
of completion is 2p30. 

Department of Transportation 
planners have spread the construc- 
tion over three phdses. The first tuns 
from 1 980 through 1 994, when most 
of the major fecilities will be in place, 
with improvements added in later 
phases. 

'The special management area 
(SMA) permit, also called a shoreline 
management permits was granted by 
the Honolufu City Ce^uncH m 
December. Some Honolulu planners, 
though, had objected to the project 
because of threats to two rare plants 
{Euphorbia and Achyfsntfies 
species). *^ 

Experts have not yet determined 
whether these plants could be trans- 
planted^uccessfutty^lsewhere, ^^v(S 
Honolulu Departmenf of land Utifi- ^ 
zatron offfcrats recommended the 
denial of the permit on this basis 



Dther points reised cor>cerned the 
impact of the project on recreational 
boating in the Berbers Poini erea. A 
private boet ramp is now tocatad in 
the F^esent berge herbor at the pro- 
posed project site. 

However, the petition for the land 
use change includes e section writ- 
ten to demonstrete how the project 
conforms to the objectives and doIi- 
des of the Heweii CoastalZone Man* 
•gement Program; 

• While experts investigate 
whether or rnitthe rare plants can be 
relocated the Euf^orbia colonies 
will be fenced off from the surround* 
ing harbor area,. The Achyranthes 
plants will not be disrupted by the 
proiect the petition stetes. 

e TheStatewill plan the construe* 
tion of e public boat launching ramp 
and other park facilities^ "if such 
proves precticable/' the^ petition 
states. 

Council members approved the 
SMA permit after deciding that the 
issue of trensplanting the plants 
could be resolved in later planning 
steges. 

About 300 acres of lend was sold 
to ttlMtate by the Campbell Estate. 
The agreement of sale provides that 
the Stete will give the esTete ebout 
90 percent of the proceeds obtained 
by selling ebout 10.6 million cubic 
yerds of coral dredged out of the her- 
bor site. 

According to the project's environ- 
mental impact statement (EIS) pre^ 
pared by the Department of 
Transportation last June, the effect 
of the harbor proposal must be 
viewed in the context of other related 
plans to urbanize the 'Ewa are^a: ^ 
. •The Campbell Estate plans a 
12^000-acre urban development to 
eccompany the herbor, including a 
city center. 1 3 residential villages/ a 
marrna and a resort. 

• Expansion is slated for the adja- 
cent James Campbell Industrial Park; 
with the possible addition of '75. 
industrial firms and water trenspor- 
t^tron operations 

State planners have pointed to the 
need for a second miajor harbor facil- 
ity to supplement the operations fn 



Honolulu Herbor. Evaluations of 
alternate sites, including Pearl Har* 
bor's West Loch end Kane'ohe Bay. 
have led them to conclude that 
Barbers Point is best suited for this 
purpose because of its proximity to 
Cempbell Industriel Park. 

Stete studies inditata a generel 
shift in population to the 'Ewa area 
end an increase tn cergo traffic to and 
from Hawaii by the time the pro* 
posed harbor would be operating 
near the year 2000. 
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Harbor plays part in growth prospects 




©Agricultural 
©Urban 
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Activity I - Pre7field trip 
Objecti ve : To learn what an EIS Is, 

- Procedure : "Explain to the class what an EIS is by using the example 
Provided. Questions that could be used to start a class discussion are: 

1. Dq you think an Environmental Impact Statement is useful? Why? 

2. Many people fish and collect limu near the deep draf* harbor 
site. Oo you think harbor constrMctton and operation will 
affect the marine life and therefore these -people *s coMecting 
and fishing? |" 

3. What are some of the ecohojnic benefits that will come from this 
proposed* harbor? ^ 

4. Do you think the economic benefits are more important than'the 
\ . plants, animals and archeological sites affected? Why? 



Activity II - On-site 




Objective : To see the area affected by the proposed project. 
Procedure : Make copies of the maps showing'how large this project will 
be compared to the existing barge harbor* and give them to the students. 
Go 'to the existing harbor first to see its ^ize^ therrwalk down the road 
the way you drove in, past the large white tanks. When you reach the 
road turn left and walk about 24 meters until you see the opening to the 
quarry on your right. The quarry is where the harbor will be, and it 
will be about the same size. Limestone from* this quarry is use<f to make 
cement. 

Activity III - Post-field trip 

Objective : To involve students In the EIS approval process, ^ , 

Procedure: Obtain a copy of "EIS Handbook for Hawaii" by Richard J, 



Scudder, available from the Office of Environmental Quality CAitrol , 
^550 HalekaiMlla Street, Room 301, Honolulu, Hawai 1 '96813, telephone 
'548-6915,. ^ 

After ^familiarizing the class vjlth the EIS process, divide them into 
special interest groups. Including developers, architects, economists, 
conservationists, biologists, fishermen or whatever seems appropriate. 
Have the developers design a project In an area that evdr^ycrhe Is familiar 
with. Architects or artists can draw the le^yotit of the project. Im- 
partial consultants can write the EIS, coninents from the commtimty (class- 
room) will follow* Continuing in this way, as outlined In the pamphlet, 
you will go through the EIS process to either final acceptance or 
rejection* 

Another alternative Is to allow your class to become involved In 
the process by having them cOimient on an actual EIS, This can be done 
by first calling the Environmental Quality Cocranlsslon at 548-6915 and 
having them put you on their mailing list, Yhe EQC bulletin publishes ' 
a list of all the EIS^s that are avallable^or public review. Limited 
^copies of each EIS are sometimes available at the EQC office for Indfvl- 
.duel use* Their office Is at 550 Halekiauwila St,, Ro<m» 301, they are 
also available at public libraries. The class may read', dllwss, review 
and then submit coranents^^ the EIS* Follow the guideline in the EIS 
Handbook* Class cooroents ^ould be sent to the address specified on the 
individual EIS, 8^ law. the EIS preparer must respond to all comments. 
In this way your class will have actually participated In the governmental 
process concerning Environmental Impact Statements* This activity will 
be most beneficial If you comment on a proposed project In your own area* 



B17 



TOPIC 2: COWPOSITION OF CORAL REEFS ANO BEACH ROCK ^ 

This section includes a description of the processes involved in 
the formation of coral reefs and beach rock* The class should be family 
'*iarl2ed with these processes before the field trip so that they have an 
Idea of what to look for* 
Coral Reef . 

The large chunks of fossil reef along the beach were reinoved during 
the excavation of the barge harbor* They offer an unparalleled opportunity 
to actually see a cross-section of a Hawaiian coral reef* However, 
certain background information is necessary in order to understand the 
story told in those reef rocks* 

A living coral reef, one that is actively growing, is always found 
In shallow, sunlit water* .Why^is sunlight so important 'to corals? Corals 
that grow large and fast and build reefs contain many single-celled plants 



within their tissues* Scientis^j^^elieve that the plants within the 
coral and the coral tissue exchange important substances whith help them 
both grow better. When plants photosynthesize, they produce oxygen, 
sugars and starches* When anin^l tissue respires it gives off carbon' 
dioxide and other organic compounds such as nitrogen. Plants can use 
animal waste products for growth, and animals carf use plant products for 
J)^r growth* When the plant lives wit^iin the tissues of the animal, 

these exchanges can take place internally, requiring less effort on the 

^ * - 

part of each* This type of mutually beneficial relationship is termed 
symbiosis* Since plants require sunlight for photosynthesis, the corals 
which contain iilant cells in their tissues must live in shallow* sunlit 
waters if they are to derive benefit from these live-in plants* 

Not all corals are syirtbiotlc with plants* Those thai are, are 
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called henna typic (herm »^upport, typic = type) or "reef-building"* 
corals. Those that do not contain symbiotic plants are called aherma typic 
(a ^ not). They can live in deeper^^^rker, colder waters , The tiny 
plants wfthin reef*building corals are single-celled algae, called 
zooxanthellae (zo-z^n-TH£L-ee; zoo = animal, xanth = yellow, ellae = 
little ones). An early biologist thought the^ were single celled animals 
rather than plants, and the name has not changed since t^at time. Zoo- 
xanthellae give much of the brown color to corals, although many corals 
have other pigments that can hide some or all of the brown. 

Hermatypic, or reef building corals, are able to grow very fast {up 
to 10 cm per year for some branching forms), and this is irr^ortant in 
the formation of a reef. These corals produce the hard calcium carbonate 
framework of the reef. As old corals die, new corals grow over the top, 
layer on layer. Coralline (hard, like coral) algae ar^ marine plants 
which also secrete a hard, calcium carbonate skeletfon. These help build 
the reef and cement it together*, and they too grow layer by layer. 

As wave actfon and storms attack the reef, /ieces of corals and 
algae are broken off and ground Into smaller particles. Marine animals 
die and their hard shells are groQnd up into smaller pieces. Other 
marine animals bore, eat, scrape and dissolve the reef framework. The 
breaking and wearing iiway of the reef^produces sediments , loose sand, 
gravel ana rubble, from the eroding framework! These sediments may be , 
redeposited TiT the reef and cemented to it, /ay help build a s4ndy beach, 
or may be totally dissolved in the sea. 

In combination, the framework of the'^corals, the bulk of the 
sediments, and the cementing action of the coralline algae, allow the 
reef to grow. It grows most vigorously where It receives the most wave 
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action and 11ghU and this is usually at the seaward edge of the reef. 
The seaward edge Is also the place where the ero^ional forces are^the 
greatest. A healthy reef will build faster than it is eroded away. 

< 

Beach Rock 

Beach rock is believed to be formed when sand is in contact with 
cold ground water* This. cold freshwater partially dissolves the calcium 
carbonate in the^^nd, which then resolidifies into a solid mass. Seep^ 
age of underground freshwater is plentiful at cIRe proposed harbor site. 

ACTIVITY IV - On-site 

Objective : To determine the composition of the coral reef and beach rock. 
Procedure : Before the field trip students should make rigid wire frames 
for this activity* Use any stiff material, and shape it into squares IQ 
cm. on a side^ Place this wire frame on a section of the exposed fossil 
reef. (The fossil reef chunks are on your right as you face the ocean). 
Try to recognise substances in the reef rock. The following descriptions 
should help: * ^ - 

1. Shells - usually broken pieces. will be embedded in the reef rock. 
2* Coral - large and small pieces of coral can be found in the rock. 
, Coral Is always porous, or dotted with lyles. In some kinds of 
coral the holes are as bi^ as the tip of a pencil* In others 
they are as fine as pumice rock. Coral may be white or gray* 



Once you have seen a few pieces of it, it is easy to recognize. 
Some corals are in chunks, others are 1n (& mm) layers. This is 
because some corals are encrusting : thin an^flat, following the 
contour of the rock. ' But even these thin l^^yers have many little 
holes.- 
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Coralline algae * step back from the rock a few paces, and look 
for evidence of a wavy or sw1ir;3y pattern 1n the rock. Once you 
find this, look very closely at it. Can you see paper thin to 3 rrni 
thick layers of a hard, white substance? If so, this is coralline 
algae. If the layers are V* thick and have holes, it's encrusting 



cor*4^ 



4. Other material s - deposited sand is easy to recognize* but mud 
layers are usually not. If you can't recognize what sovnething is, 
just label it "other**. 
Everyone should have a chance to look for these different substances in 
the reef rock. As a stu<tent recognizes a material he/she could show it to 
^e others, until everyone is familiar with the elements- in reef rock* 
Do uie same activity using the beach rock; (This is made of just sand.). 



ACTIVITY V T On-site 

Objective : To quantify the material in reef rock* 

Procedure : Before the field trip students should make 10 cm. square and 

string .It with thread at 2 cm. Intervals on both sides, to form a grid, 

^ 

On site, place this grid on the reef rock. Urite down how m9ny squares 
each mateHal fills. Each Square represents 4% of the total area. 
Students should then figure the percentage of each material in their 
san^le so that the total comes to \00%. 





10 cm 



6 squares of coral « ZA% 

1 squares of shell « 28X 

12 squares of coralline algae « 48% 



/ 
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Either baclSiji class or op'-slte, add up .everyone's percentages of each 
basic materlaV, th^ ge,t an average percentage of each. What is this 
coral reef m/stly made of (besides "other")? Could it be better called 
a coral-algae reef? Hawaii's reefs have a very Urge percentage of 
coralline algap in them, more than true tropical reefs Which have a 
greater percentage of coral, ^ 

TOPIC 3: ZQNATIOW OF MARINE INVERTEBRATES ^ 

T^^^section^includes an explanation of the major environmental 
factors responsible for the distribution of the marine invertebrates on 
the beach rock bench. A short identification of the common animals is 
included, and a transect is used to determine tKe zonatlon patterns,^ 
donation 

The beach rock forms a solid platform which begins at the high tide 
level and slopes towards the sea. It bears only small depressions over 
its sujc:face. It is alternately covered and exposed by the daily tide 
changes and Is-also subjected to wave battering. Animals living there' 
must be adapted to atfach firmly to the hard substrate, so as to not be 
washed away. There is little in thej^raj- of crtfvifces or tidepools to hide 
in, or rocks to hide under- Differences in animal populations across 
this bench can be attributed to varying environmental conditions rather 
than variation within the bench surface, * 

Zonation means that plants or animals will be found in predictable 
places based on environmental conditions. The beach rock bench at this 
field trip site is quite narrow, and yet can be divide^ into three major 
habitat. zones on the basis of: 

^ On 
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1. Amount of wave action each part of the bench receives; 

2. Amount of time the different parts of the bench are 
exposed. ^ ^ 

TKe three habitat zones are; 

1. The upper Intertidal (left exposed at low tide); 

2. The intertidal (not left exposed as long as the upper 

; intertidal and not subjected to as much wave battering 
as the subtldal); v 

3. The subtidal (exposed only between waves; subjected to 
constant wave battering). 




Animals living In the upper intertidaT are left high and dry during 
low tWes, as only small depression? In the rock surface bear water. 
Strong sunlight causes the bench surface to heat up and the surface water 
to evaporate, Increasing the salinity /n the remaining water. Rain may 
cover the area with fresh water and rapidly decrease the salinity. When 
the tide 15 high* this area Is washed by waves. Animals living here 
must be very adaptable. They must b6 able to withstand wide fluctuations 
in salinity and temperature and must be 'able to cling to the rock. 

Animals living In the Intertidal receive more wave ac^n than those 
In the upper Intertidal, but do |»ot need to be so adaptable toiohanges 
In salinity and temperature.-, 

Anima-ljs in the subtidal are constantly being battered by the waves. 
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They don't have to be as tolerant of saHnity or temperature changes, but 
must be able to stand the constant beating without being broJceir or washed 
away. . 

Discuss these ideas with the clas^ before the field trip. Perhaps 
they can think of otlier examples ^ zonation and the jenvi ronmental factors 
causing i t. I'C^h 

ACTIVITY VI - Ojf>-Site , ^ 

Objecti ve: To understand the concept of zonation by seeing an example 
of it. 

Materials: > , ^ 

K Three 15 meters (about 50*) lengths of light rope (clothesline 
rope is goo^) * weigh^ted at each end, and marked with Waterproof 
ink at 2 meter intervals, 
2. One clipboard with paper and pencil for each group of three 
stkidents, 

3- One rigid frame H meter on a side for each group of three , 
students, ^ (An expanded metal coathanger makes a good frame,) 

4, One copy of animal identification material for each group. 
Procedure : First, CAUTION STUDENTS BEFORE THEY BEGIN to be yery careful 
while working in the area near the waves. Supply each group with a wave 
spotter. 

Place the transecl^ lines across the beach rock bench. One end^^ttSuTd 
be In the water, and one end on the sand. The line shoGld be without, 
slack so it cuts a straight line across the bench. Divide students into 
groups of three. Each team of three will do three are^?^ along a transect 
line. Students should familiarize tfiemselves with the animals they will ^ 
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see by using- the identification sheet provided >n the appendix. 
Instructions for stude nts 
"N. Begin at the ocean end of tfie line. BE CAREFUL. 

2/ Place the wire, square on the line so that the 2 meter mark is in the 

middle of the^frame. Get as far down as you can towards the waves 

without endangering yourself. 

V 

3. On the paper, write "SAMPLE V\ Next to this write the number and 
kinds of animals that you counted in the square. Use the identifica- 
tion sheet if you don't kWbw what the animals. are* 
A". Move mauka on the line, write '^SAMPLE 2" for the next mark, place 
the square over the line with the mark^ in the middle and count and 
record* the animals here* Do this for each mark on the line until 
you reach the sand* 



wel^t 



transect 
line 





% Black ^iru|7C5 
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ocean 



DISCUSSION ■ 

After each grouffof th^ree students has done a complete transect of the 

* " 

beach rock bench, have a discussion of what they saw. Did they see 
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examples of zonation? (Animals living one part of the bench and ^ot 
on other parts.) How wide was each zbne? Which animals were zoned/ [ 
What kinds of adaptations- must these animals have, in order to live where 
they do? Did anyone notice that, the spiny urchins livin{| in the wave> 
battered area are all embedded in pukas? Why might they do this? Do 
you know how the different animals hang on?^ (You could spend some time 
with this one. Students could collect a couple of each kind of animal 
and try and figure out how it hangs on. Sea urchins use "tube feet" 
which have small suction cups. Mollusks have a single muscujar foot. 
Sea anemones have an adhesive area. Mussels have strong sticky threads.) 

TOPIC 4: CEMENT: ITS ORIGIN AND flANUFACTURE 

This section includes a brief summary of how the coral rock is made 
into cement, and information on how to tour the Kaiser Cement Plant in 



ion 

Lualualei Valley ^ 



Cement ' 

The fossil reefs of the Ewa Plain and iualualei Valley are quarried 
for use in the making of cement. There is a quarry site just mauka of 
the barge harbor (it's on your right as you turn off Malakole Road to get 
to the field trip site) and a cement manufacturing plant tn Lualualei 
Valley.' 

Cement^Js made from a mixture of calcium carbonate (CaC03), silica, 
iron and aluminum. The cement plant uses fossil reef rock for the cal-* 
cTum carbonate, Australian sand for silica, and basalt from nearby basalt 
quarry sites for iron and alumiaum. - ^ 
^ The coral is crushed and mixed with the other materials and water 
untfl it is soupy, 'It's then pu^ into a kiln and heated to 2600 degrees F. 
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This takes 2k hours, andiieats the material just to the melting point. 
This chemically combines the materials, and when it comes out It's dark, 
j*hard rock, called **Klinker*\ The Klinker is ground up, and that's cement, 
i Cement is bought by businesses like HC&D and Pacific Concrete and 
Rock CO- (PCR) that make and sell concrete. They mix cement with sand and 
rock tf^make concrete for construction, products , v Anyone can buy cement ^ 
at a hardware store and make concrete- 

Kaiser Cement Plant Tour ^ 

The Kaiser Cement Plant in Lualualei Valley is willing to tour a 
very limited number of school gi|^s through^ their facilities. Interested 
teachers should write to. Mr. J. Gifford, PTant .Manager, Kaiser Cement and 
QypsumCo., P.O, Box 2072, Nflnakuli, Hawaii 96792. He requests that ■ 
teachers write at least two weeks ahead of tine, let hint know the date and 
time they would like,^ and i^e number and ages of the^students (he requests 
not more than ^5 students). It is necessary that the students wear shoes 
and be accompanied by one adult for each ^Ct students. They can only 
handle one or two tours b month- ' - 

ACTIVITY VII - In-Class 

While on the field trip irrention that tihe fftssil reef Is used in the* 
making of cement.' Back at class ask the stuclents if they know how it is ^ 
used to make cement. If n(f one knows, haye^them^ research it rather than 
telling them. If you're both brave and creative you might think of a 
reason to make concrete in class*. Does a cement plf^nt seem like a good 
industry for Hawaii?, Why or why not? . 

*Molds can be made of a mixture'of 3 parts sand and 1 part cement* r 



t 
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IDENTIFICATION GUIDE FOR TOPIC 3 (ZONAflON) ACTIVITIES 
Sea urchins 




1. EcMnometra mathael - -spiny, light colored . 
Sea urchin (Ina); 5-8 cm (2-3 In.) across. 
Echlnometra oblongata—splny, black urchin; 
^5-8 cm (2-3 In.). . 



2. ^ Colobocentrotus atratus— f 1 attened > purple 
sea urchins (ha 'uke 'uke); 5-8 cm (2-3 In.,) 
Across , 



Mollusks Csnall family) 



AcaQthochiton 
(1-^2 inj long 



viri di^' 



-chitons; 2.5-5 cm 





\ 4. Houla granu1ataj --'knobby black shells; 
1-2 cm (1/2-3/4 in,) across. 



Drupa riclna — white shells with black bumps; 
1-2 (1/2-3/4' In,.) across. 



7^ 
* 
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Littorina sp^ — jeriwirTkles have pMnted 
shells and are dually gray; 1 cm (less^han 
*s In.), X 



\ 



Nerita p<^cea -*nerites (pipipis) are round afid 
black; 1 on (less than k in.)- 



Unclassified — tiny dark shells live in large 
aggregations; 0.3 cm (1/8 inj. 




Various species of sea anemones may be open , 
wtth tentacles out, or dosed and covered 
with sand. They feel soft ari(l spongy and 
contract when you touch 'them. 




Cvpraea caputserpentis- -snake's head cowryj 
brown w1 th whi te spots on top; 2.5 cm {1 in.), 




11> Various species of hermit crabs live in dis- 
. carded snail shells: 

( See Field^Keys to Common Hawaiian Marine . 
Animals and Plants pp. Dl*6;l. 



Siphonria normalis— false opihis are whitish 
colored; about 1 cm (H in*) across. 



Brachidc^ntes crebristriatus— mussels are 
black and grow together In a mass, or bed. 
They attach fimly ta the substratum- Each 
mussel has 2 she11s^(11ke a clam). Mussels 
are^about 1 cm (16ss tKan H in,) in size. 



\ 
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FIELD TRIP in - HANAUMA BAY 



Instructional Goals and Objectives 

Performance Expectations 

Essential Competencies 

Topics Discussed 

Field Trip Site 

Introduction ) 

Physical Description 

Biological Description ; , , , 

Topic 1 - Marine conservation 

Activity I -In class; slide-tape shows. on 

marine conservati/Cm in Hawaii 
Activity II -In class; discussion on * 

conservation 

Activity III -In class; discussion on ^ 

conservation areas A. . . * 

Topic 2 - Geology of Hanauma Bay 

Activity IV -On-site; geology of Hanauma 
• * Bity . , , , 
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FIELD TRIP III - HANAUMft BAY 

Instructional Goals 

When faced with decisions concerning the use of terrestrial and 
extraterrestrial resources, students will, select practices developed 
in) recognition of present an<t^ future envlronn^ntal and human needs. 



Instructional Objectives . 

Collect Information about the change of wildlife LA, Sc, HS, 

distrlbutton in this community during the past Student Act, LS 

10 to 20 years and develop a public presentation on 
the tej?ic. * ^ 

Write a theme or prepare ^a speech about wildlife LA, Sc 

habitat management. 

Discuss the need for preserving natural .areas and ' Sc, SS 

related legislative needs. 

Debate the resolution: "People dA not need the^ LA, SS, 5c, V 

great bl4e heron, timber wolf, killer or humpback 
whale, Hawaiian goose or other wildlife." 

Olscuss the use of hunting or fishing seasons or SS, Sc 

periodic closing of certain hunting or fishing 
.areas to manage wildlife* ' , 

lovestigate various commercial fjshing techniques Sc, SS, C 

and discuss their economic and environmental impacts. 

Discuss the physical features of the Coastal zone ^ SS, Sc, HS 

areas of Hawaii^ 



Performance Expectation^ 

Describes instruments or methods that can be used to gain information 
about environments or change an environment for a desired re^lt. 

Conducts simple Investigations to gain first-hand Information on 
environmental matters. 



\ 
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Integrates Information gained from resources with information gained 
-through direct experiences to develop understanding of environmental 
matters- ^ ^ ' * -/ ^ 

Describes the environmental factors which must b'^ considered to conduct 
vart^ous recreational activities. 

* V 

^ Exp-lain^ the effects of environmental changes on recreational 
opportunities^ * 

^ Explains th(& potential effects of changes in recreational activity 
on the environment. * ^ 

Cttes examples of negative and positive ways human befngs can change 
the environment. . ^ 

Identifies specific contributions one can make to help human beings 
live in harmony with the -environment- ^ * 

Coir^ares ^the aesthetic value of maintaining natural environments with * 
the need for houslnj, improved transportation facilities, and increased 
employment opporturnties- 



i 



Essential' Competencies 

Reich reasoned solutions to conmonly encountered problems- 

Distinguish fact from opinion in TV and radio news broadcasts, 
advertising^, newspaper and magazine articles, andvoabllc speeches. 

Use resources for independing learning. ^ 

Demonstrate knowledge of citizen rights and responsibilities. ^ 
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TOPICS DISCUSSED : 

1. MARINE CONSERVATION 

2. GEOLOGY OF HANAUMA BAY 

FIELD TRIP SITE : 

Hanauma Bay is located on the southeastern tip of Oahu. It can be 
reached by Kalanianaole Highway from either the windward or leeward sides 
of the island. Signs indicate the turnoff to the bay. 

This bay is a marine conservation district antTtaking n^ny marine 

J » 

life, shells or sand or possession of any nets, s^jears or ot+ier fishirjg 
,gea\is prohibited* 




Facilities include restrooms, showers-, a snack bar, and picnic 



"tables* 



• ■ V 

INTRODUCTION :. 

Hanauma Bay is a^e11-known. Marl ne Conservation District. It 
offers a protected environment where residents and tourists alike can 
enjoy the islands' reef life. It is also of-geologic interest; a shorf 
walk allows observation of many Interestiric) and easily recognizable geo> 
logical formations* 

The **marine conservation" aspects of Hanauma Bay will be treated 
as in-class activities; while examination of the ^eologjA of the aVeas will 
be'^the focus of the on-site activities. ^ 



PHYSICAL DESCRIPTION : 

This smair, deep bay is one of -a series of prominent landmarks 
.which were formed by geologically recent volcanic eruptions. It is a 
tuff cone, the walls of which are embedded with pieces of limestone artd 
* basalt. A san<ty beach lies at the head of tffe bay, while both sides are 
Irimi^d by a wave-fcut bendi* A fringing reef protects the inner bay 

the force of the waves, and creates a caTm^ shallow-water environ- 
ment. ■ " * 



BIOLOGICAL DESCRIPTION : ^ 

Hanauma Bay provides diverse habitats for a wide variety of reef 
life. Habitats available include rocky shorelines, tidepools, sand 
1^ patches, live coral, and shallow and deep reefs with their associated 
varied '.topography* 

Historically, Hanauma Bay was a popular fishing area. The 
increased fishing pressure which accompanied the grov^fitig Oahu 

c& so 
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population seriously depleted the^j^esident fish population. Many of- the 
fish found iT^ the bay were herbivores , or algae eaters. Their removal J' 
had the secondary effect of allowing increased algal growth. Since being 
designated a Marine Conservation District in 1967, fish populations have 
increased markedly and accumu^tftipns of seaweeds have been grazed down. 

TOPIC 1: MARINE CONSERVATION 

A "Marine Conservation District'* is an area where marine life is 

protected, and Hanauma Bay was the first sucfTarea established by the 

State of Hawaii. Hanauma Bay is gorerned by Regulation 32 in our state 

% statutes. It is stated in thfs statute that 'at Hanauma Bay it is , 

"u^awful for any person to hook, spear, seine, 
capture, injure^ kill, destroy, alter, deface, 
possess or1*emove any fish» Crustacea, mollusk, / 
sea shell, coral or any other plant or animal 
life, or any roclfs, sand'or any geological fea- 
tures, from the Conservation District. Posses-^*^ 
sion by any person of fishing gear, including, 
\ but not limitet^to hook and line, rods, reels, 

seines, and spears, crowbar and noxious chemi- 
.cals, withirl the Conservation District shalf be 
deemed to be prima facie evidence of violation 
of this regulation. 

Further, this regulation staties that it is ill^l to pollute or 

contaminate th^ waters within the Conservation Districts and that "this 

includes deposifciilg bottles, cans, paper garbage, food and other reftjse, 

washing clothing other iteifts^ bathing animals, and cleaning fish."" 

(Hawaii Laws an<i^Statutes, 1976). Violation of this statute js a petty 

misdemeanor punishable by -a f-lne of up to $100.00 or a jail term of not 

more than 30 dSys, or both. This law is enforced by the Department of 

Land and Natural Resources, Division of Fish and Game. 

\4 major hindrance to enforcement f& the^ lack of sufficient 

/ / Si 

L — ^ : — ■ ' • - - -' 
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personnel. Fish and Game wardens must patrol the entire^tate, not only 
protecting the conservation areas, but enfprcingj^ll fishing regulations. 
These regulations include such things as size limits, bag limits and 
closed seasons. Illegal fishing methods are also a corifcern of the wardens. 

(See Activity I for, a slide*tape^show a.yailable on our present day^laws 
as they relate to marine li^e and enforcement.) * ^ 
Marine Conservation\Districts are established for a variety of 



'V 

reasons. They preserve and conserve natural resources for public appry 
^ciation and aesthetic enjoyment. They assure the survival af marine 
ecosyitefiis by preventing the shell collectors, coral collectors, and 
fjsherman from over-fishing the reef. **Harine parks help conserve tht 
re5ourc« in a nonconsumpti ve manner. In additiorwthe prot^ted ^pffcies , 
within park sanctuaries provide larvae and migrants for adjacent areas 
open to fishing and sheltLng." (Hawaii and the Sea, 1974) 

The power to establish a ConservativOn District 1i« with the Dept. of 
Land* and Natural Resources under Chapter JraSO of /he Hawaii Revi^d , ' 
Statutes. Reotilations regarding a^roposed'conseryition ^rel^are drawn- up, ] 



public l)Mri^ngs^ are held, and finally^ thief* 6over;rfor's approval is needed. *^ 
■ there are no objective written policies ,for ^e selection criteria^ how- 
Aer, abundance of life, clear^ater aad c<linpati^le use/With the adjacent 
^lUnds are f&ssential factors in site s^^ty>w. The^Md 7or*^additional ' 
Conservation Districts and cri ter.ia/foi?^selectiop was studied and pub- 
liihed by William J. Kimmerer an^JWoodrow W. DuVtin Jr. in the pamphlet ^ 
titled The Potential for Additional Marine Conservation Districts on ^ 



en 



Oahu and Hawaii . Th^s. publication is avai labltf through Sea Grant and at 
most of our locaTlibraries. Kimmereir* and^urbin (1975) set up ^ selec- 
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tion criteria system composed of 3 categories: geography, physical 
oceanography, and marine Jife. These areas were broken down as follows: 
1- Geography 

*, 

•Ease of definition of area boundaries for recognition 

and enforcement ' 
•Compiatlbilfty of the present and planned use of the 

actjacent land with a marine park 
•Access to the shoreline from existing roads 
•Access to snorkeling ^nd diving areas from the shore 

2. Physical Oceanography 

•Exposure to seasonal surf ^ 
•Exposure to trad^ wi nds and waves 
•Current strength 
•Underwater visibility 

#(ater temperature , v 

3. Marine Life 

•Abundance ^nd diversity of fish /" i 



•Coral cover and diversity 



•Abundance and diversity of large motile invertebrates. 

jFrom their studies they recommended Kahe as a first choice for a 
new .Mrane Conservation District if a new beagh park is , established there 
and secondly, Pupukea. Studies conducted by the State Dep'^artment of 
^Planning and ^onomic Development aad published in Hawai i^and the Sea ^ 
(1974) made similar recommendations* Part of^Uaikiki was added as a 
thtrd choice, - ^ ^ , * 

Permanently closing an area ttT- fishing is not the only way to pro- 



tect it,, and several syst^P^ of conservation have been suggested. Period- 
ically closing an area and backing the closing with strict reinforcement 
until the area replenishes Uself is a possible solution. Rotating ^ 
conservation areas on ? 3 to 5 year basis or limiting the life of the 
district to 10 to 15 years has also been suggested. 

On July 1,.1978 part of the Waikiki reef was closed to fishing for 
a period of two years. This area was not called a "Conservation District", 
but rather a "Shoreline Fisheries Management Area'^. It was an experimental 
approact^ to resource management and part of the state's "Kapuka Plan" 
(Kapuka = to restore life). The area affected ran from the Diamond 
Head li^ht house to Kapahu>u Avenue and extended from the high-water mark 
seaward to SOO^yard mark. (S^e map) All fishing wa$ prohibited until 1980* 
wben'^ly hook and line fishing was allowed. In 1981 all legal fish- 
ing methods was permitt^. Limu picking was not affected by the 
fishing ban, but coral harvesting ^.s prohibited permanently. 



Closing an area or establishing it . as a conseVvation'district does 
not please everyone. Environmentalists and those who fish are often in 
direct conflict. Na,tura]ly, anytwng that affects a fisher's catch is 
threatening to his/her livelihood. However, only through wise conserva- 
tion nteasures is ,it possible to save some of the harvest for future 
generations. 
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ACTIVin I - In-Class 
V 

Objective : To understand the past and present-day methods of conserving 
n^rine life in Hawaii. 

Procedure ; The Sea Grant Marine Advisory Program has two slide-tape sho.w^^ 
available to .teachers. The first one, Ancient Hawai 'i in Harmony with 
the Sea"., discusses the traditions of tfie past. The second, ^Ta of ^ 
Hawaii, The Present Day Kapu", discusses preient-day fishing regulations. 

\ro arralige for these slide shows*call Sea Grant Marine Advisory ^ 
^Program, 948-703U lea<t two weeks before you will need theni. These ^ 

shows contain a g^at deal of information'and should give students 
an appreciation for the concj^pt of conservation. ^ 

The Sea Grant Marine Advisory Program has prepared 4 small brochure^ 
to accomparty these slide shows which are available ^n the pamphlA files 
of^ the State Libraries or from the Sea Grant office. These brochures 

i .. ' . ■ ^ ' 

include: ^ 

1. "Ancient Hawai 'i inji^rfnony with the Sea", which discusses the 
"ancient traditions Concerning marine conservation; 

2. "Ula and'Papa'i, - Lobster and Crab"; - ^ 

^ 3- "He'e and 'Olepe - Octopus and Shellfish", wNch discuss the 
fishing regtj>ations V^t^inlng to thes*.animal5; and 
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J 4- "Illegal Fishing Techniques in Hawai ' 1" ^ which discusses the 

Illegal methods used and their consequences. , ^ 

. > ■ ■ \.. 

^ACTIVITY II - In-Class 

Qb.ifective : To understand why. different parts of the communi ty disagree 

on ftne establishment df conservation area^- ' - 

1 ^ ^ . 

Procedure : This activity involves debattn^-^nd role playing. The class 

Is going to debat;^ the pros ^and cons of closing an area. The debate could 

involve an area' like Hanaunta Bay or Irfaikiki « or the^ class can choose a 

site such as Kahe or Pupukea wh1<;h has. beeti recogrnended as a possible 

conservation arpa. Some classes might choose to pick entirely dif* ' 

ferent site and debate the issu^' concerning it. Let the students assume 

roles. One might/want. to spjeak up 4s a person^pp»rting a family on 

the income he/she receives, from fiShlng. Others might represent senwone 

thtflTmerely suppleineats their monthly food budget with fresh^fish. Have 

your resident zoologist spealtout. Let th6 clasj^really talk out the 

' > . ' 

problems and promises of a Marine Conservation District.^ * 

Another debate couliJ center on illegal fishing te9hnfque^ u^ed 1n 
Hawaii. Why are they used? Should stricter laws be pasigd?" f^^S^sin 
enforcement be improved? . . / 



ACTIVITY HI - In-ClSss * . , ^ 

Objective : To^^scuss th^ usefulness^ marine conservation^ ai^as. 
(Procedure: Ask the-^class the following ^I'uestions to-stimylate disAssion: 
1. "How mar^ studeac$. tvaye been "srtorkellng at HanaumerBay? ^ 
- , 2^ Hoift manK,.have>been 'snTbrkeUng at other places on^ Oahu? 



3* Old you notice any difference in the number^of fish/ between 
Hanauma Bay and other places? j 

4, How would you feel if tcwnorrow Hanauma Bay was ny longer a 
conservation area? 

5. . What would happen there?t J 
6* D6 you think this would be good or bad?*" Explain. 

7- Of what use are marine conservation areas? 



TOPIC 2: GEgOGY OF HANAUMA BAY 

^ : 

This section includes background on the geology of the bay, and a 



running corrmentary to aQC(4pany a nature walk there. 



HISTORY . ' ^ ' 

Hanauma Bay was^formed approximately 40,^00 years^ a'^. After\^he 

eruptions which ftfnne\j the. Ko'olaus had ceased, ther^ was i 

'-period of volcanic quiet whicht^jrobably lasted 
at least two million years. Then, on the south- 
eastern end of'the Ko'olau Range, volcanic act- ' 
ivUy resumed. More than 30 separate eruptions 
formed cinder, spatter ^nd asK cones' and j>OQred 
lava flows over the deeply eroded topogp^aphy 
and out onto tjie fringing reef, These constl^ 
tute the Hawaii Volcanic Series, and have given 
us some of our best-known lancfiiierks, many ^)f 
' them In gr, near the c1tyM>f Honolulu: 'Olanond. 

Head, Koko H^dd, Hanauma Say, Punchbowl , 
' Tantalus, and Salt Lake/' (Macdonald and 

Abbott, 1970) . , ■ ^ ^ 




Cinder Cone 



Koko Crat6r 



l^hauloa Crater 



^Rabbit Island 
O 

KaoWkalpu Cinder Tone 

/ 



Handuma Bay is a "tuff" cone, Volcanic eruptions that come in con- 
tact with water cause violent expl<Jsions, ^ese explosions produce a fine 
^sh, rather than a solid lava flow, ^The ash settles on the land and quick- 
,ly becomes cemgnted due- to the chemical reaction of ttie material. (Stearns, 
1966. pp. 86-87, Macdonafd and Abbott, 1970, pp. 18-22) The hardened 
ash is cal^led "tuff", Diamond Head, Koko Head, Koko Crater and fjanana 
(ftabbiJi'IsTand are 'also tuff cones.' 



ACTIVITY .IV.- On-Site ' 



Objecti ve : To learn some geology of Hawaii, using Hamuma 8ay as a site 
for a geological nature walk, . , ^ . 

Procedure :. Information on various geological features arj^photos of 
some, of th^se are iirovided, Rather than , simply telling the ?WdentT 
the information, Vou might use the- "inquiry" approach, Y&rmin'g " - 



questions from the material provided. 





V. " 



Offshore 
. Sand 




Begin the nature walk at the top of the bay, along the laya rock W4ll. 

^J^oto r) . f^anauma BaJ is a '^compound crater" aw was formed by at leastj 
s;ix tuff confts* ?art of one oi these cones can be seen on the ftight- 
hand stX ^)f the bay just above the end of the sandy beach, appears 

, as a large funnel or "V" shaped area in the crater wall . The slopiag » 



dirt shows the origination of the cone 




(Photo 2) fhe reef at Hanauma Bay is a "fringing reef" - one that grows 
along the margin of the Unci- The "back reef" area near tlje beacli.is 
composed largely of sand or coral rubble* Notice tha^TTIre- top of the 
reef or "reef flat" is not solid anA continuous, byt honey-combed with 
openings of all sizes*^ It is this diversity of topography thal^allows a 
great many animals tp ]i^e on a reef* 



\ 
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The **fore*reef", or reef^^^rpnt, absorbs the force of the^ves, 



( 



protecting the beach from ejjosion. Notice that the front of the r^ef is 



broken by mariy small surge channels which help dissipate wave Energy., 
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(How do they do this?) 

The volcanic activity that formed t;his bay originated beneath * 
existing layers of .basalt (lava) and limestone reef, The eruptions' 
caused these layers to be bUsted apart, and the pieces fell back to 
parth to become Tmbed0ed in^ th» tuff. As you walk down the r^oad-to the 
bay notice the wall of tyff and the many pieces of small white And black 
rocks A . ' - , 



(Photo 3) Once at the beach, walk along the left-hand side of the bay 
until the sandy beach ends and a hard platform begins ,^ This is a "wave- 
cut bench*', which was cut from' the tuff by the action of the waves. 
Notice that the walls, of tuff behind the^bench have been undercut^y 
wave action. The beneh appears black rather thin tan, because of a 
thin layer of b^uegreen algae which grows over the wave-wetted surface. 
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Photo 3 , 




i 



As you walk along the^bench on the way to the""la^ arch" looj^ for^ 
greenish Colored san4 tq yoiir left\ There are very^iW^ beaches composed 
of gre^n sand in the Hawaiian Islands, and Hanauma Bay it^^one of the best . 
exiles. "The sand consists of ^reen crystals of olivine, separatee^ out^ 
of the volcanic rocks by ermionv- At Hanaima Bay t^je^rock supplying the 
olivine is tuff.,," (Macdpnald and Abbott 19^0). ^Olivine is a ^oung 
mineral, found in areas of . recent volcanic activity. 



{Photo 4} One of the most Interesting geological features of the b4y Is 
the smairiava flow on th^astem side of the t:raterJWall, which has 
formed. a natural anch/ The sand In this area is composed of black arid 
white fragments/ The black sand Is formed by the erosion of the lava, 
while Jthe white sand has been er'oded from pieces of coral and shells. 
. The basalt Is easily distinguished from thb tuff, as' It js black and stohy, 
*Wst before you pa'ss through the arch look to your left in ojrder to see, ^ 
^**pahbehoe" lava, Pahoehoe forms a smooth or ropy surface, The^ther , 
major form of lava Is a'a, which has a rough, rubbly surface {Hacdonald 
and Abbott, 1970, pg,.22),- . ' ■ ^ 



ott, 1970, p^. 
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(Photos 5 & 6) After passing through the arch> you wilV come to'a rock 
falK Look at the ctiff above the rocit fa^l and notice the exposed root 
^systems/ The roots penetrate sina^> cracks in the earth near the cliffy 
and as they grow and expand large chunks of tuff are Hparated from the 
walK falling to the bench below. They wi^1 eventually be eroded ^way 
by wave action. 

Photo 6 , ^ ^ 



Ph^to 5 




OnCe past the rock fall; look across the bay tfo the funnel ^shaped 
cone described earlier. Two other cones can be seen fifom this vantage 

point* One is ta the riqMi of the previously observed cone^ and one is 

* \ ' - 

' . to the left, above the ar^a called "Witch's Brew". (Photo 7) (Look for 
^ tiie dirjt sloping inwards from both sides.) 



93 
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(Jioto 7 




(Photos 8 & 9) Turj^ your attention now to the wave cut bench. F^roin where 
^ou are standing notice that, the tnshore end of the bench Hoear the 
sancty beach) 'Is very dose to sea water. level. Look out to the point ' 



and notice that the bench there Is significantly higher, Macdonald 



(1970, p. 356) explains thi s* phenomenon : 



5. 



Photo 8 




1 
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"The h^avy surf along the more exposed parts 

of the coast keeps the rock face Qf the cliff 

saturated fwith seawater) to a higher level 

than ido small waves In more protected areas. 

The water- saturated tuff Is itwre resistant to 

erosion than tfte unsaturated tuff ^ove it , (emphasis ours) 

and the latter'^is more rapidly ci/t away, leav- 

ing the bench." 



Your nati^re walk can end here,. if necessary- 4^ you have the 
time and the surf is smalA a walk around ^t he point will bring you to 
a local point, Qf Interest called "the toilet bowl". Near the poirrt 



Photo 9 




yw can see wind and water scuJpturing in the tuff high above sea level, 
large chunks of old reef embedded in the crater wall at the paint, and 
expanses of olivine sand rieat: "the*loflet bowl". ' , , 



) 
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' FIELD TRIP IV - .KEWALO BASIN ^ ■ 

Instructional .Goal *^ \. ^ / - 

When faced wi.th decision concerning the use -of .terrestrial and 
extraterres'tnaVresourcesi students will select practices developed 
in recognition, of present and future- envi ronmental and hiiioan needs. 

Instructional Objectives 

Discuss the physical feature of the coastal zone areas of Hawaii. 

Discusa the change in flora and fauna from the seaward limit of the 
coastal zone to the lanA^ard limit.^^ 

Explain why algae artd coral are renewable, resources and discuss the 
constraints on this renewability. . 

: ^ . / " . 

IdentliFy and explain important fuctions of "al^ae and corals. 
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Performance Expectations 

Use a variety of resources to. gain infoirmation on environmental . 
matters, ^ " . / ' ,> 

Conducts simple investigations to gain first-hand informatiorf on 
environmental matters, 

*■ 

Integrates information gained from resources wjth information, gained 
through direct experiences to develop understanding of environmental 
matters* 



Esse^ntiaT Competencies 

Aeach reasoned solutions to connonly encountered problems 
Use resources for independent learning. 
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TOPICS PISCUSSEP v 
1, REEF aAT STRUCTURE AND.ECOLOfi 



2. MARINE INVERTEBRATES INOTlWl'NG REEF FLATS 



FIELD TRIP SITE , 

KewalQ. Basin'is^ aJSmmercial boat harbor in Honolulu, across from 



th«*Mard Warehouse on»l a Moana Blvd. The field trip site is the reef 
f>at on the ocean^sjBe of the basin', ' , ' 

Enter K6wal0jBa^1n from Ward Street intersection i f you are driving : 
in an €wa direclyon, or at Amfac Marine Supply (forrtieMy HeWayne's) if. 
driving in a^Dtfpnwt^ Take the^ noad in front Amfac 

Marine that hjRh^aftiards the ocean. The site is. on the ocean, just past 
the^bend in^'me roaa (see map), -Park .(n thte public parking area'rathfer. 
than in the Restricted parking area l[obse^e posted, parRIng regulations). 



. ;• '.,Ala Moana BlW .'• 



FAmfac 

Marine Supply 



^,Ne rifled 
Rest rooms 

Field Trip Site 



Ala Moar^ ^j(chr /Pirl; 
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^---^here are restrooms in the large, roof-covered net repairirig area- 
It is important that you visit this site on a zero or minus low tide- 
Plan to arrive about an hour before maximi^ low tide (see newspaper for 
Uide infonnation). , ^ 

SAFETY , 

Students must wear tennis shoes or reef tatiis. SI ippers are'^not 
acceptable . Scorpion fi^h (nohu) are common in this area, and might be 
stepped on. When handling unfamiliar animals, use chopsticks or gloves. 




When turning over rocks, use gloves. There are hajarctous animals such 
as "wana", the long-spihed sea urchin, fire or bristleworms O^rge pink 
wom^ with many white bristles along each side), and an occasional small 
ee]^ Scorpion fish are usually 3-8'' long and are camouflaged |o -blend 
in with the sanc(y bottorff, Th6y sit quietly, darting away qulckTy when 
distur^i^d, They ar^not aggressive and would only cause hanD;^hen 
picked up ar^stepped on, as a venom carrying spine could penetrate the 
sicin. They are not^deadly, but very painfuU ^ ' 
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INTRODUCTION ^ \^ 

A fringing reef is a reef that is found along a shoreline, and 
most of the reefs in the major Hawaiian Islands are this type, Exten-\ 
sive fringing reefs front the shore between Hawaii Kai and Ala Koana 
Beach Park/ A "reef flat" is the top surface of the reef. Reef flats 
are accessible, generally safe, and harbor many interesting forms of 
marine life. 

PHYSICAL DESCRIPTION 

i 

The shallow reef area fronting the KeWalo Basin breakwater is the 
ewa end of the extensive Ala Moana reef flat. This area offers xalm 
water and mixture of hard and soft* bottoms. The "backreef" portion 
directly in front of the breakwater is covered with rocks and rubble. 
This area is exposed at low tide. Seaward of this are larger, algae- 
covered rocks on a sand bottom- This area merges into the solid reef 
platform. The structure of the solid reef is interrupted by holes and 
sand patches. 

■■V 

BIOLOGICAL DESCRIPTION 

l^eef^flats provide a variety of calm water habitats for plants and 
animals. While there is little live coral to provide hiding places for 
animals, there are rocks, crevices, holes, sand and rubble, 

r 

In the rocky area frorfting the breakwater small crustaceans and sea 
anemones can be found under; the rocks. In the large rock and sand area 
a variety of animals are* found under ^nd in the rocks, in the algae and 
in the sand. The more seaward reef platform hosts small fishes in the 
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large holes, while invertebrates are found In crevices and in the sand. 



TOPIC 1 : REEF aAT STRUCTURE ANO ECOLOGY 

This "Section includes a reprinting of an article that occurred in 
the May 1978 issue of the Hawaii Coastal Zone News. Much of the infor- 
mation given about-^reef flats in this article can be seen first-hand on 
a field trip to any reef flat area, and field trip activities involve 
doing just that. Paragraphs are numbered for later reference. 
Reef flats (ff^m Hawai'i Coastal Zone News, May 1978) 

PV Hawaiian nearshore reef flats hug much of the shore line of 

*all the major islands, except for th^ island of Hawai'i, due to 
its geological youth. . The*«i<te shallow platforms extend seaward 
as much as one half mile, and are never very far below sea level. 
The depth of water over the reef flats is between one and 12 
feet, although the low point in the lunar tide cycle may leave 
some sections exposed. 

P2 - ^ Nearshore reef flats include both apron and fringing reef 
types. The first represents an earlier stage in reef growth 
leading to the second. Apron reefs are smaller and discont;fnuous , 
projecting out from the shore as semicircular structures. In 
time, these may fuse to form broad continuous- fringing reefs that 
parallel the coastline for long distances. 

P3 Reef flats have a variety X)f surface features. The shore- 

ward portions are usually sand bottoms, often mixed with stones 
and strewn with large fragments of reef rock. The seaward por- 
tions are solid reei, cut by numerous channels (which break up 
the force of the waves.) 

The living reef 

P4 Bottofl^ dwelling organisms are the architects of the reef 

mass. Hbe» alive, lime-secreting (coralline) algae and stony 
coral"Tio1yps continuously remove minerals frm seaWater to form 
sigeletohs of self-made limestone. When they die, their skeletons 
contribute the bulk of the rigid "frame** of the reef. This 
fraiF|e creates an anchorage on, around, and within which other 
organisms can grow, and upon dying, add to' the^tructure or 

f- skeletal debris, ' The hard skeletons left by mollusks and sea 
urchins and the powdered remains of one-celled animals (eg, 
Foraminifera) and sand-producing algae (such as Halimeda) 
gradually fill the cavities in Jthe porous limestone framework 
with' sediment. Coralline algae provide most of the "cement" 
which solidifies the other components into a consolidated reef 
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mass* The lime-secreting' algae> particularly Porolfthon, strongly 
dominate the reef edge,^dr crest, vnhich meets ocean waves - 
head-on. * ' 

P5 Reef-building organisms normally cannot toleV^ate the. climactic ^ 

extremes occurring near the. sfea surface, and as. a consequence, few 
reef^ flats* grow to sea lev6l and emerge*at low'tide in HawaiM. 
Thus, extension of the reef flat occurs primarily in 3 horizontal 
direction* awiiy from the shore, once the upward limit of growth is 
attaineST^ Reef growth in any particular location depends partially 
upon the severity of inhabiting factors. For example> flats on the 
windward sides of Islands subjected to heavy wave action, frei!h- 
water runoff and^ natural sedimentatidn' are unlikely to grow as 
vigorously because reef-building organisms are under great stress. 
In leeward locations where conditions are more favorable, reef 
flats may grow upward to very sha^llow water depths. 

Dependable tepants 

P6 Because ireef flats offer a variety of habitats, the distribution 

Qf life is patchy. Where there are solid or rubble surfaces,* 
there is a rich cover of seweeds, particularly just below the \ 
w^terllne* Inshore, where water circulation is sluggish, the 
fleshy alga Acanthophora' (which was probably introduced to Hawat'i 
on the bottOTi of a boat) may be found* ttKere water movement is ^ 
more v;i90rou5> coralline algae (particularly Porolithon ) and limu 
kata ( Sargassum ) are more abundant. Populatidns of sjna^ll 
crustaceans use the elegant camouflage of bottonf-dwelling algae for 
-shelter. * . . , , . ^ 

P7 Invertebr^ites, such as mollusks, small crabs and shrimps, arid 

^ segmented worms are also present on reef flats but the majority 
are- concealed life fonns that have retreated from the surface. 
Their ingenio.u:|* exploitations of space may not be revealed unless 
the bottom is sifted or cracked open. ;^ Dead- reef Is a pfeoetrable 
surface housing animals such as sponges and worms that bore or 
ejccavate tunnels by dissdlving or mechanically grindrng the rock. , * 
Secondary species become tenants in burrows aban^ane,d by the 
* pioneers* . * . 

P8 Where there ar^^ sand patches', mollusks stTch ^as' the flea cone 

( Con us pulicari ijs ) and auger shells ( Terebra ) , lie buried under ^ " ' 
the surface. HiQh water temperatures* low salinity,, mud that pours 
out from streams during rainy seasons* and drift^ing s^nd also check 
the growth of stony corals close to shore, so they are not usually 
important components of reef flats, except at the seaward' edge's . 

P9 ■ Both biologically constructive forces (lljne-secreting.organlsms) 
and phiysically destructive forces Iwave action and scour, breakdown 
by living things) are constantly acting on a. reef wi th di fferent 
jJegrees of success* In one spot, the balance of forces may be " 
extending the reef sideways^or upwards,- in another - breaking It 
down> and elsewhere ntaintaining it more or less tn^uneasy equilibrium. 

PIO Storm waves and swells break and wreitcJi pieces"6f rock from 

the seaward side of the reef* In places this act^n undermines the 
edge of the reef and is ^followed by collapse of large*^sections. 

' . ^ ^ ^ ^ ■ ^ ' ' _ J /' , 
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The perforating, boring tunnelling and dissolving activities, of algae, 
sponges, mollusks, worms, s&a urchins and some fish "also grind the 
solid reef into sediments of all sizes, .This pijlverized material 
fills in spaces in ;the reef rock. Slides down the steep seaward wall 
of the reef, or is^ carried over 'the reef an'd is deposited on the 
s>ioreward side. In this way, the report between the reef and shore 
slow^ly fills with sand wMle it contributes to the destruction of ^ 
the solid reef massi On reef flats near streams, silt from the land 
may build up faster tlran it can be removed by wave" actiwt, and mud 
flats cover the ireef flats, such as at Kane'ohe Bay, 



ACflVITY i - Pre-field trip 

Objective : To learn to recognfze coralline or "stony*' algae, * 
Materials : Slide set of. coralline algae, available through your schoor5- 
^district office. . 
> Procedure : The importance of* coralline al^gde on th6 re?f is explained 
, in paragraph 4* ^ It Uot only cements the reef together^ but helps build 
■ it too. This slide series shows tKe different forms of toralline aTgae, 
and should help studertts recognize them on the field trip* . ^ 
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ACTlVITy II - .On-site ', ^ 

Objective : to show that reef flats have a variety of surface features 

^anct that tiiey change In makeup froqi shore to sea*. "^Refer to. Paragraph 3, 

^ ' , ^ r , . ^ 

^ page D6, , * ^ , " . 

?HateriaJ$ : ' ^ ^ * 

. r I. J 

1.- ^Twq or three hula hoops, or metal frames 2/3 to ^ meter on a 
side, 

■ 2, A ball of string 30 m long, marked at 3 m intervals with . 

colorful ties, ■ ' 
3/ Clipboard, paper and pencfl for each student group of three 
or four* 

.4* Pit least one lookbtOx for each student group of three or four, 
.■ ) D8 1-04 ' ■ . 



Procedure : This attiv^ty involves running a transect line out onto the 
reef from the shore and describing the bottom at 3 m Intervals, using 
the hu1a hoop or metal frame to define the observation area. Edch stu- 
dent group would draw td scale the topography within one observation 
area' and lable the different kinds of substrate^ such sand, rocks', 
hdfes, rubble, etc. Each tie on the lin^ should be, numbered 1-10, be- 
ginning'from shoire, and each group should bje assigned a number. They 

t-then need only to count the ties as they move from shore across the 

- reef to find their area. 
In-Clas5 Follow Up 

Place the drawing in order along the blackboard. Students shpuld 

look at the drawings in sequence and answer the following questions: 

t ' " - 

1, Do reef f lati have a variety of surface features? Name some, 

2, Can you see any general change in the bottom topography as yoM 
move from shore to sea? If so, what? Compare your findings 
with generalizations fiade in paragraph 3 Taf "reef flats**. 

ACTIVITY III - On-Site ^ 

^ Objective: To identify coralline algae'^vn the field. 
Procedure: Have students turn over a few rocks on the reef flat and look 

. for pink or purple on the undersurface. Look also for pink or purple 
color on shells or coral rubble. The pink and purple is a thin crust of 
a kind of coralline algae. Among the coral rubble Took for small heads 
or chunks of coralline algae. They often look like small coral heads 
(a few cm across) but corals always have smaj^l holes over the surface, 
and this hard algae i^ smooth and lumpy. 
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Once students find some, restate its role on the reef. (Campbell 
Harbor field trip also has information on these reef building algae.) 

ACTIVITY IV • On-Site 

Objective: To s^e the structure made by stony coral polyps. Refer to. 
paragraph 4, page D6, * 

Materials : K Something to chip off a piece of dead coral rock. A 

small hatchet or .hammer and chisel would da^ 
Procedure; There is little live coral on the reef top, but lots of 
dead coral chunks. To see that this is true, find what you believe to 
be*d coral rock. It will appear light in color rather than black. ♦Chip 
at a'^corner of It. If it is indeed a toral rock, thfe area you are chip- 
ping at will appear white'and bye rather soft (soft for rock that is). 
Once a piece has been chipped away, the exposed surface will appear whit^ 
and finely porous. Thts is, the skeleton of a reef-bui Iduig coral. The 
tiny holes which give the porous nature to the rock were once the cups 

that the polyps lived in. Thfey grow new ones layer on layer. 

* ^ 

Save this coral for the next activity. 
ACTIVITY V - On-Site 



> or face" 



Objecttve^ ^ To observe animals that have "j;;ptreated;fromi the sflr 
Refer tp paragraph 7, page D7. ^ 
Procedure : Using the cracked-dpen coral, rack from the previous activity, 
look along the Inner edge of the exposed surface-for tiny worms and thelr^ 
holes. Look also for larger hples about h Inch in diameter. These lysles 



are made by worms too. Look on the s 



urface of the coral rock for holes 
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and crevices. Do you see animals in them? Try and break more of the 
coral surface, to expose o*,her animals. DO THIS WITH ONLY ONE OR TUO 
CORAL ROCKS. THESE ARE HOMES TO MANY ANIMALS. A dark green band of 
color- along theMnner ed^ of the surface indicates boring algae. 

ACTIVITY^K - On-^ite 

Objective : To observe how the reef grows. Refer to pffragraph 5, page D7 
Procedu re : Notice if the reef breaks the wVter at low tide. Discuss the 
ideas presented in paragraph 5 about the reef only growing to a (^rtain 
height because of "climatic extremes occurring near the sea surface." 
'What climatic extremes might limit the upward growth of'the reef? Would 
the rieef grow better toward the sea or toward the shore? Why? 'how are 
reefs like this one important to islands? 

TOPIC 2: MARINE INVERTEBRATES INHABITING REEF FLATS 

This section includes descriptions of animals cormion on reef 
flats and simple activities students can do with them in order to learn 
more about their various natures. Included also is a sctTpt for a slide 
show on reef flat invertebrates. The slides are available from your dis- 
trict office. ' _^ 

ACTIVITY VII " Pre-Field Trip 

Each district office has a series of marine life slides whip^ you 
can borrow. Use these slides to show your class what the various 
animals look like that they are likely to see on the Yeef flat. 

The slides are numbered, and the following slide script tells what 

\ 
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slide to use, what antmal it shows> and where the animal lives. , More 
information is provided' ih the book containing the slfdes which you may 
also -want to use. « 



Slide # 

4 

9 



. 10 



17, 18, 
20 

2.2 

23, 

28 , 

30 

41 

32 

49, 50 
95 

93 

77 
75 



Nai yof Animal 
Live coral 

Sea Anemone and live 
coral 

Sea Anemone and 
coralline algae 

Fl a twonws 



"Ina'* sea urchin, and 
orange sponge 

"Collector** or short- 
splned sea urchin 

Feath^rduster worm 



Bristle worn 

Snakesh^ad cowry 

Money cowry with 
mantle out 

Cone shells 

Hei^it crab 



Hermit crab anjd 
sea anemones 



Decorator crab 



Switmiing crab 



Habi tat ■ 
Lives on the tops of shallow reefs^ 
Both found* on tops of shallow reefs 

Under rocks 

Under Rocks * 



Under rocks and in pukas. Sea urchin 
not venomous 

Lives out on reef^ covers Itself with 
debris> perhaps for camouflage 

Lives in a tube. Tube usually under 
a rock or in a crevice 

Lives under rocks. Irritating to 
humans ^ 

* *' 

* Lives under rocks on reef flats 
(elsewhere in other habitats) 

Under rocks 



(hi reef flat. Handle with caution 

t 

Various places bnji the reef flat/ They 
use an old snail shell for a home ' 

Out on reef 'flat. Only this species ' 
of hermit crab puts anemones on its 
^shell. . ' 

These crabs put algae on their bodies r 
for camouflage 

Under the sand ^ * 
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/ 79 Black finger crab Under rocks and in pukas in rbcks 

87 ' ^^t- Mud shrimp In burrows in the firm sand areas 

1^4 . , White brittle star Under rock'g in san<ty areas * 

^ 16? : Sea cucumber ^ , Under rocks in shallow water 

24 Wana On reef rocks. Handle with caution 

ACTIVITY VIII ^.OnrS'lte ' , ^ 

Objective :' To' observe reef flat animals. ^ 

Hater^ls : Ylour class will need lookbpxes (see appendix on how students 
can malce their own), reef shoes (tennis shofes'or tabis), gloves and - 
chopsticks,* buckets 'and flat p^ns for putting specimens In* For the 
brittle star experiments use a 9*' x 13" cajce pan. You might want to brinjg 
magnifying glasses or dissecting microscopes In order to see the animals 
more closely. . , , 

Please turn rocks right-side up after you look under them. The 
anifiials beneath the rotk will die If exposed, and the algae on top of the 
nock wiJl dfe without light, DO NOT take' any animals back with you- 
This Is a heavily used area an<fif your class removes marine life there 
may not be anything for the next class to see. Please kokua: 

Re-read the **s,afety*'- section under **Kewalo Basirt Field Trip Site**, 
page 04.^^ 

Procedure: Most Invertebrates do not live on the surface of the reef. 
Many live under rocks and you will need to turn over these rotScs to find 
them. (Replace the rocks as you found theml) Look also In the pukas of the 
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rocks and in the sand. Some of the animals you will see are listed below* 
(See general appendix*for identification information). 

. Colorful Filter Feeders 

Soft, brightly colored or white colonies of sponges and colonies 
of various kinds of animals' live on the undersurfaces or rocks. Sponges 
9enerally feel spongy and cloth-like; other colonies may feel crusty or 
slippe»7. Usually they are dotted with holes. These animals are filter 
feeders, which means they draw in water and plankton for food through 
some holes, and expel wastes through other holes. Look at these wfth a 
magnifying glass if possible* 

i 

Sea Anemones 

Small, dark sea anemones cling to the undersurface of the rocks* 
Kewalo basin has a dark species, about V in diameter, that attaches 
large sand grains to its surface.. Uok for the ring of tentacles that 
these animals feed with. They,"are able to catch small animals with the 
stinging c^Us in these- tentacles, but they don't harm people. 

Sea Cucimbers 

Sea Cucun4>ers are sausage shaped animals^ very. common on Hawaii's 
reef flats* They come in various sizes and colors. A very cormion one 
can be recognized by a black, lacy,' flower-like structure that sticks 
out of the sand. These ar^ its feedlrtg tentacles* Look for this struc- 
ture. Poke it gently* ^What doek it do? {It withdraws). Try to care- 
fuTly dig out the animal it is attached to* You should come up with a 
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dark sausage shaped animal covered with sand. This is the **1o1i pua'\ 
or flower sea cucumber. The feeding tentacles trap fdod particles float 
ing by in the current. It was probably very hard to remove this animal 
from the sand.^ Sea cucumbers are covered with many tiriy suctiorl cup^ 
(tube feet) along the ventral surface ("down" side) which they use for 
attachment. . 

As you" turn over rocks you will find other kinds of "lili". Some 
are able to spit out white sticky threads when they are bo\hered. Look 
for a small, brown one, about .3*' in length, or a beige one 6-7" long 
with 4-5 dark bands across the bajck. Pass these around for everyone to 
see. They spit out their sticky white threads. Have everyone feel 
how sticky they are. Any animal that bothers this sea cucumber will ^ 
become ^tangled in this m^ss and be unable to pother it ariymore. 

Activities With Sea Cucumbers 

The Hawaii Nature Study Program's Reef and Shore Teacher^s.Gulde 
contains a lot of information and activities involving sea cucumbers 
.(pp. 168-172^( A couple of activities that are easily done in the field 
follow: 

1. ftespiratory pulse. Sea cucumbers breathe through the anus. ^ 
To see {his, place a sea cucumber In a shallow pan with enough 
water just to cover it. As you watch it closely, you will see a 
stream of water come out one.end. This is the respiratory cur- 
rent. If you pick the sea cucumber up and squeeze It gently, a 
stream of water will probably come out. This Is the seawater in- 
si<)e the animal. The sea cucumber Is essentially like a balloon. 

It has a thin bo<ty wall and is hollow inside, although it does 
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have digestive, respiratory and reproductive organs in there too, 
along with the water* 

2, Feeding tentacles: Place a couple of sea cucuinbers in a 
shallow clear plastic or glass container* Leave them alone for ' 
awhile, As they resume normal behavior, the^feeding tentacles 
will come out of the oral end. Different sea cucumbers have dif- 
'ferent kinds of feeding tentacles* One you've seen has a black 
flDwer-lIke set* What other kinds do you see? Most sea cucumbers 
take in sand with thetr tentacles, andNaje called the "vacuum 
cleaners'" of the reef, , ' y 

3, Tube jFeet: It's already been mentioned that sea cucumbers 
have tube feed along their ventral surface for alleging toVocks. 
Some are able to cling nmre strdngly than others. Sea cucumbers ^ 
that live out on the reef top generally have a stronger holding 
capacitor than those that live under rocks. Find some sea Cucumbers 
that live in di fferent hablt-^ts on the reef. Place th§m in a 
shallow dish. Let them sit there- for 10 minutes, then gently try 
and lift them out. Do some cling more strongly than others? Can 
you relate their clinging strength to their habitat? 

=^ 

Brittle Stars 

Brittle Stars are usually found under rocks and in crevices in 

■ * 

rocks on the reef. Usually where you find one you will find mjiny. They 
are'^ible to move very quickly when distrubed. T^iey are not harmful In 
any way, and can be handled. Be careful to handle th§m gently^ 'as they 
Will drop arms off in order to get away, Hawaii Nature Study Program's 
Reef atid- Shore Teacher's Guide covers brittle stars on pp. 163-167.^ 

* 
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Acti vities With Brittle Stars . 

1. Look for evidence of arm regeneration 
be much smaller than" the rest of the arm. 

2. How do brittle stars move? Place one m a flat shallow pan 



e.end of an am will 
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observA., Look at arm movement and aVsofthlnk about the pur- 
p(ke of tl<^e spines on the arms. Brittle stiars have the tube feet, as 
do iea cucumbers, but they have no suctlorvlcups an the end. Why 
not?\ (Because they are not "cjlingers*', bi^t fast runners.) 
3. Do\br1ttle stars prefer light or dark? Take a fla^, shallow 
cake pan, cover one end so It Is shaded, r Put the brittle star in 
one end.\what does it do? Do this a Tew times to see if it 
always shews the same behavior. ,What^ generalization can you make 
^bout Its be(iav1or In the- pan and its t/abltat on the reef. (It 
should alw4ys\move to the dark area.) / \ 



Sea Urchins 

The comnonest sea \n^j;h1n you will see ^ the reef flat is the 
'**ina**, a small, spiny uirchln that lives ynder rocks or In crevices and 
pukas in coral rocks. It is actually'''abT^^^o^^^ these holes In t 
soft coral rock. It Is not harmful like the venomous **wana** urchin. 

^ 

"Ina" m3(y be black, pink or light greyish green. 

Another urchin is the pin-cushion urchin, also called short-spined 
urchin, "collector** urchin or **hdwa*e". 'It is large, black and has ^ery 
short spines. ^ ^ 

The "wana** Is a long splned,, venomous urchinf. They are easy to 
recognize. When they are juveniles their spln^is are banded black and 
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white. When they are adults they are large, with long spines, 



Activities with Sea Urchins - pp* 158-162 - Hawaii Nature Study Program 
Reef and Shore Teacher's Guid^ 

Put some urchins 'in a shallow, clear container. Let them resume 
normal activity* Sea-urchins have tube feet with suction cups"^as 
do sea cucumbers*^ If you look carefully you will see the tiny, delicate 
tentacl,e-like tube feet extending out from the body. In the shoft 
spined urchin they are easy to see t^ecause the spines are so short* In 
the "ina^* they are harder to see as they are about the same length as 
the spii^. Once the tubef feet have been extended they will begin to 
attach to the bottom and sides of the dish* *If you lift an. urchin gently, 
you will see that the tube feet are attached* These are used for respira- 
tion as well as attachment* . , ■ ' 

" + * 

If you happen to find a *'wana**, notice that there are^many tiny, 
thin spines among thejargep spines* Thei;^ are the spines that actually 
have venom on the tip* 

' Turn an urchin* over to see the five tiny teeth in the center of 
the underside* ' These are |or grazing on algae* 

If you fi^nd a short-spined urchin, look for five pairs of rows of ' 
"tube feet* Most echinoderms, like sea ^taHs, brittle stars and sea 
urchins show a 5'>^ay plan to the body* Seja cucumbers, which are relatives, 
do npt always show, this. ( 

* t 

Feather Ouster Worms ^ , , 

, Feather duster worms are segmented" worms (annelids) that live 
Inside tubes which th^ build* The feathery structures that they extenc) 

* ■.Old. Hi 



Into v#ater are used to absorb oxygen and trap tiny particles for 

food, These feathery Structures are Tight sensitive, and can be with- 
er— * 

drawn rapidly if the animal is alarmed by a shadow or a light touch. 

Bristle or Fire-woTlns 

These worms are also segmented worms like the feather dusters^ 
but they do not live in a tube. They crawl around under rocks looking 
for prey. They can be several inches long and are usuaUy pink."^^ Thei r 
^ides are covered with many white bristles which can cause irritation to 
humans if t^ched. ^ 

Flatworms 

flatworms are very, very, flat, and just slip ove^^^flie^ rock surface. 
They are not related to the segmented worms* Some are small, 3/4" ]ong, 
others may be up to 2 Inches long. Handle them carefully, as they 
fragile. Put them in a shallonj contattierj and watch how they move. Some 
are swirmiers, others are gliders* Flatworms eat live prey, and.one kind 
is parasitic on oysters. 

AoHusks 

\ 

Cowries, cone shells, nudibranchs and, sea hares are all comnon un- 
.der rocks. Even though they Took very different they have much in common. 
All move on a broad, muscular foot. Put them in a shallow clear dish 
and watch them move* Be careful of cone sheTIs^^ they can sting* Handle 
them from the fat end and do not hold them very long. MoTltlslfT^eat a wide 
variety of iFoods, from algae and sponges to fish, ^ 
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Mud or Ghogt Shrimp 

. Look for smooth, round holes in .the^ sandy areas. . They are about 
V In diameter and are the openings for the burrows of the mud shrimp. 
You may see a shrimp in its hole. They have two claws, one of which is 
larger than the other. You may be able to see the claws and antennae, 
but it is almost impossible to get the shrimp out: They have a long, 
soft body and are quite vulnerable out of the^lr burrows. , 

Questions : 

1. What is a fringing reef? i . 

2. Jiow is it built? 

3. What lives there? 

4* Where do' they live? , 
5* Koware fringing reefs useful? ^ 
. How would the surfing be In Hawaii without fringing reefs?* 
7* A great deal of reef area was destroyed to build the new 
reef runway at the airport. What do you think about this? 
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Appendl 

Reprinted with pemlssion from the Mqua-OMCt" (Curriculum Research and 
Development Group Newsletter), May 1976^ by Art Reed and Barbara Kl>eiTFi. 



AQUA'TIPSr "How-to's" f6r Marinating Education 



LOOK "BOXES" , > ^ \ ^ / ' 

A look boi that fs relatively durable, ihexpensive, ^d easy to 
construct consists of a plastic- gallon ^ugwith the bottom- ttit out and 
aThalf petri dish sealed into the hole, Half tW top is cut away for 
viewing, leaving the handle intact for holding, \ 

Materials . ^ ^ ^ . 

Gallon plastic jug, 1 per student or pair'of students, ' 
Silicone sealant, 1 tube for ^bout a dozen loek boxes. 
Plastic disposable petri dishes, size ISOimi ;x;15 fimj -Half dish per look 
box (see beTow for source of purchase), ^ * ; 

procadure 

T Using a scissors, hack saw, ^nd/or sharp, blade, cut away half the 
■ ^ top of a plastic gallon jug, leaving the hanjlle^^as shown in the 
diagranf. 
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2, Set the jug on top:of an open half of a. petr^ dish, Mak:e a mark , 
around the jug at the top rim of the petri dish. Cut the bottom 
out of the jug about 1/4 inch below or inside the mark, so that 
the hole in th^ bottom of the jug will be slightly smaller than 
th6 dish. ' ^ , ^ * 

3, Place the half petri dish inside J:he jug. and push it. toward the 
bottom, (told it in place with masking or Scotch tape. 
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Apply 'sma1V dabs of sealant at. three or four spots around the edge 
to secure the position of the half petri dish in the jug. ^ tet 
set for about an hour or until it becomes firm. Then remove the t 
masking tape. ■ ' ; , . ^ 

Having the dish held firmly in place at the three or four ^fnts ^ 
prevents the dish from'moving or^lipping when sealant is ipriied ^ 
later. If the dish is not held firmi .it slips and smears secant 
across the face of the disb, obscuring the clearness of the ^ 
window. ■ Avoid touching the window with sticky fingerfe for ttie ^me 
reason. . . ' ' - .1' 
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.5. With the dish held firmly by the dabs o^ seaUnt, lay « ribbon .of- 
sealant all around the crack between the half petri tlish and'theV 
jug both inside and outside, smoot^iing it into the creylpes. Care- 
fully avoid $mearihg' the window. \ ' - " » 




6, All^to QUre for 24 tp 48 hours. ' 

Plastic disposable petri dishes, 25?) mm x 15 mm; are ^old'iJi lots*^ 
of 100 dishes by Van, Waters and* Rogers (VWR), and in lots of lO b^^i^. 
X-Ray and Medical Equipmenti Inc., 3160 Ualena Street, ^nolulu.'H^vfaii 
96829., The- retail price wa$ $20,00 per box of 100 distes/whtch cpmes^ 
to 10^ p^r half dish. The top half of of the dish \$ clear andmakesr' 
a clear windo* 1n thfe bottom of the look boxl l^te bottom half'pf one' ', 
type of dish Is scored In ohe^cm squares and provides built-in q\iadWits 
for ngklng rough population counts. " . . ' " . * " . , . 

The idea for construction of the gallon jug look -box evolve* ' \ . 
during development of the Hawaii Marine Studies Sciencje project. and;.'the ^ 
Hawaii Nature Studies project at the Curriculum Researtli antf Oevelopieftt 
Gr^; University of Hawaii. ' , ' A 
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FIELD TRIP V - IN-CLASS 

t 



Instructional -ebal 

Students will demonstrate an appreciation for the interdependence- 
of livir\g things in *he closed earth system. 

Instructional Objectives 

Givp examples of how survival of an organism depends on Sc, S5, H 

its ability to adjust to its environment* 

Exp^n how people make the most^'of^etr adaptations Si:, SS, H, 

through tfjd use of their intelligence. * . N 

Performance Expectations 

Uses a variety of resources to gain information on environmental matters 

Conducts simple Investigations to gain first-hand information on 
environmental matters. 

Integrates information gained from resources with information gained 
through direct experiences to develop understanding of environmental 
matters. 



EssentHl Competencies 

Reach reasone^d solutions to commonly encountered problems 
Use resources for independent learning. 
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TOPICS DISCUSSED : 

1. HABITAT DIVERSITY AND ANIMAL ADAPTATION: 'HOW THEY AFFECT 

A. FISH ANATOMY 

B. 'FISH MOVEMENT . , 

2. FISH IDENTIFICATION . 

3. FISH AS 'a subject FOR ART 

. INTRODUCTION : 

The extensive iji-class activities described in this section 
provide a "han<l^-on'^ approach to understanding what a fish is and the 
basic similarities among different groups of fishesJ 

navy of the variations seen among different kinds of fishes are 
related to their different life-styles, e^h species' basic body plan 
havirrg evolved through countless generations tcT enable it to better 
meet the urvique demands of its habitat. 

TOPIC 1: HABITAT DIVERSITY AND ANIMAL ADAPTATlQfl: HOW THEY AFFECT 
~ FISH AHATOMY MOVEMENT T ~ ' 

This section includes some examples of differences in fish struc- 
tures, movement and lifestyles, along with explanations of" why these ^ 
differences might exist. Fresh fish from the fish market, movjes and 
slides are used fn a multi-media approach to understanding fish 
adaptations. 

^ Grammatical note: ^ "Fish" is plural for more than one individual of -a * 
single type of fish; "Fishes" Is plural for more than one kind of fish. 
Example - *'There are maoy fish in that school of aku" and "There are 
many fishes in the sea". 
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A "habitat" Is the place where a living thing is normally found, 
id " diversity" means variety* " Habitat diversity ", therefore, means the 
varyty of places ava|lable where plants or animals can live. The term 
IS used this way; A sandy l:^each has little habi*tat diversity, while a 
mountain forest has a lot . Why? (This is a good' topic for class dis7 
cussion before going oawith further explanation,)- 

A san<^ beach Is generally composed of loose, shifting sand and 
only a few plaHftT are able to grow here. Animals living here must either 
live in or on the sarwl or in the few plants. This habitat doesn't pro- 
vide much variety of places to live, things to eat, nor much protective 
cover^ A mountain forest, oiy theDther hand, has many different places 
to live and the inhabitants can "make a living" in numerous .different 

ways* There is a great diversity of plants - ferns, grasses, banrt)oo, 
t 

bushes, trees, all of which help form the dfense growth of the forest 

and provide many places to live. Also there is a wide variety of things 

to eat ' different seeds, fruits, leaves, insects, etc. 

When a habitat is very diverse, as for example the tropical ^bregt, 

*^ 

we find many different kinds of specializations among the animals that 
live there. The Hawaiian honeycreeper birds that live in o\St forests 
are a gocti land example of this, as their be^ks have become adapted to 
be very efficient at eating very specific types of food. Some have long 
beaks for feeding on the nectar of flowers, others have hard, s^hort 
beaks for crushing seeds^ others have beaks specialized for eating 
certain types of insects. As these specialized adaptations to the envir- 
onment evolve they help^the animals ccwpete more successfully for partlc- 
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ular food Items, This works well as long as the environment remains 

stable, but If U begins to change and the animals that are specialized 

to eat only certain things cao*t change, then they die out and become 

extinct* ^ * 

A good example of this process involves the Palila, a bir<l;v^ 

found only on the island of Hawaii. This bird lives only in the mamani 

tree. Goats, sheep and pigs that have been introduced to this island by 
^ i 

humans are slowly destroying this habitat, and the Pallia is not able to 
^ve anywhere else* A bird that is able to eat different kinds of foods 
has ,a better chance of survival if the habitat changes, and there are 
many birds like this. They are the survivors in this fast changing world. 

Coral jreefs are iri^many we^ys like forests* They are probably 
the most mature environment on the earth, and they are very diverse. As 
corals grow they leave njumerous cracks, crevices and caves - spaces 
dbep within the reef s^iructure, where fish and other animals can find 
protection for themselves and their nests. They also provide a wide 
variety of food - algae, living coral, plankton and other fishes and in- 
vertebrates. Sijice this Is a diverse and stable environment, we would 
expect to find, many different kinds of adaptations to life there. Keep 
In mind though, as we look at these adaptations In fishes, that many 
could die o'Ut If their habitats are changed through either natural or 
human causes* 
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ACTIVITY I - In-Class ^ . 

Objective : To see exam|)les of fishes that have adapted to very specific 
lifestyles* - f 
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Procedure : - The movie "Hunters in the Reef" (F 1147B'25min,) can be ob- 
tained from the Audio-Visual. Services, Sinclair Library, Uhiversily of 
Hawaii or Department of Education Audiovisual Services Unit* Sinclair 
Library requires a written request three days prior to date of use- 

This movie is a fairly new color movie filmed in the Red Sea. It 
discusses the interesting adaptations of several marine animals, while 
showing marine biologists in the process of understanding the intricacies 
of these adaptations. This is an interesting and enjoyable movie. 

Another film which may be obtained through from Department of 
Education Audiovisual Services Unit or relevant to this material iT^ 
"World Beneath th^ Sea"* . 



QUESTIONS FOR CLASS DISCUSSION : 

1. How do the following antmals protect themselves from predators? 
a* Fish in^srchools (protection in numbers) 

b. Pipe or Garden eels (burrow in the sand) 

c* Amphi prion (anemone fish) (lives with -stinging sea anemone) 

d. Sea urchins (spines, venom, hides) 

e* Large sea anemone (stinging cells, hides) 

f. Flatfish (flat body, camouflaged color) 

2. Do both AmpHipri on and the sea. anemone benefit from their 
relationship? Explain. (Yes. Each protects the other from 

^predators but the anemone -fish probably benefits most.) 

3. What did you learn in this movte about Why animals have 
changed dliring the course of evolution? 

(They neted to- make adaptions to: 



a. avoid being eaten 

b. If^ able to get food.) 
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\ ACTIVITY II - IN-CLASS 
Objective : to learn the parts of a fish and to see how the variations r 
of these parts dictate lifestyles. 

Materials : Provide several different kinds of small reef fishes from a 

fish market. (Allow $2'$10 depending on class size and time of year.) 

The fish market in Chinatown on the comer of King and Kekaiilike Street 

in downtown Honolulu offers a wide variety, especially in the momirig. 

Since fresh fish are most plentiful 1n the nwrning when teachers need . 

to be ^n school, ydu might want to tell your local fish market what you 

need a couple of days ahead of time so they can have it ready for you 

to pick up the afternoon before its needed. It's ok if it's frozen.) 

A good selection would include the following: 

Butterflyflsh Goatflsh 

Damselflsh (maomao) Small parrotfish (uhu) 

Surgeonfish ^ Bright red fish (u'u, awoweo, ala'hl) , 

2 kinds of open water fish such as papio, akule» omllu or omaka 

Any odd shaped fish such as rockflsh (nohu), eel, flatfish or stickfish 

If you are not fWllar with these fishes, ask the people at the "Wrket 

for assistance. 

Procedure i You should have one fish for every 3 or 4 students. Put the 
fish on newspapers on the desks. Use the accompanying diagram to teach 
the parts of a fish. Vou can either reproduce^ this on the board or du- 
plicate copies for each student or group of students^ 

Since each group has a different kind of fish, it will be neces- 
^'sary to Involve the entire class In a discussion of each fish's differ- 
ences and similarities.. To do. this. It Is simplest to discuss the fishes 
by their parts. 

Name the body shapes listed one by one, asking which group has an 



example of each. Ask the students if they can guess what the different 
shapes indicate about the^animaVs living habits (where it lives, what 
it eatst etc.). If a characteristic named fits a group's fish, they 
should write this down to be included in a report on tbeir fish. 

dorsal fin 



lateral line 



^ tail 



nostrils 
mouth 




gill cover 

pelvic fin 
CTERISTICS to LOOK FOR: 



anal fin 

pectoral fin 



Body Shapes : 






Long and skinny like an eel ; An eel's skinny,- 
slippery' body is adapted for living in crevices 6n 

I 

th^ reef. 

Long and skinny like a stick fish : The stickfish's 
long, skinny shape helps it to be unnoticed as it 
stalks its prey, ' , ^ 

Oval in cross-section : Fishes that swim at least mod- 
erately fast have a torpedo shaped bo<ty that is dval 
In cross-section and narrowed at the base of the taiK 
This shape reduces friction land drag as It moves, 
through the water. 
^-^^..^^ La rger on the bottom in cross-section : Fish with^this 
Cqv!^ shape usually sit on the bottom. Their broad base 
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gives them stability and their sguatness reduces the 
shadow they cast, thereby reducing their visibility. 
Flat body, like a flatfish : Flatfish are adapted for 
burying under a thin layer of sand, or blending^ in on 
'the top of the^ sand. 

High, skinny body : Fishes with this shape are able to 
manuever in the tight spaces of the coral reef. Also, 
they are hard to swallow. 

Dark on the top and light on the bottom : This is a ■ 
camouflage coloration (termed "counter shading") for 
open water fish. A fish swimming In open water Is 
?asy prey for other fish, as there is no place to hide- 
However, If a predator "Views this fish fromabove. Its 
dark back will blend In with the deep blue ocean 
wat^r^ the bottom. If the predator 1s beneath It 
looking up. Its light unc^rsurface will blend In with 
the lighter sunlit water above. 
Bright colors : Often, brightly colored fish-have a 
reason for calling attention to themselves. Perhaps 

Is a ^'cleaning*' wrasse (say ^**rass**) advertising Its 
cleaning services. Perhaps It H a way of finding a 
mate without making a mistake. Sometimes it Is to, 
look like another kind of fish that Is avoided by 
predators. This/is called mimicry . .Big dark spots 
on a brightly wlored fish may confuse a predator into 
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thinking they are the eyes of a larger fish going in 
the opposite direction- 

Red Fish : Red Is a color that shows up only in very 
shallow, sunlit water* Itjs the first color absorbed 
by water* Red fish appear dark in the absence of 
light, and most shallow-water red fish In Hawaii are 
night-time feeders, Mary deep-water fish are also 
red or pink, e*g*, onaga, "opakapaka. 
Barred Fish : Light and dark bars break up the sil- 
houette of a fish, because they 190k like the streaks 
of shadow and light on the reef* This Is called 
''disruptive coloration"* 

Mottled Fish : Mottled means to be covered wi^i spots 
and streaks Of different colors* Usually bottom 
dwelling fish are mottled in order to blend in with 
the bottom* 

White or light colored fish : these fish usually live 

* 

in sarxty areas. 

. Park Fish : Shadows on the reef help hide the dark* / 
fish. 



High forked tail : A tail 11|se this, with a narrow 
reinforced base, is indicative oV a fast, constantly 
swimming fish. Water flow over the body is enhanced 
by the narrow end to the bo<ty> but this narrow base 
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Dorsal Fin: 




Dorsal Fin 
folded In 





also nee to be very strong as the tail Is the m^ln 
ifiethod of propulsion. Look for reinforcement or 
•'"struts"' het^. 
Wide, routwtca taih Slower fish have tails like th^ 
Oftfen fisVwith wide tails use other fins, such as 
the pectorals, for propulsion, ) 

V 

\ 

The dorsal" fin In many ftshes has two vart^, a st>1ny 
part In front and a softer portion in the back. Press 
your finger along the top of this fin. You will feel 
the shapness of the spines In the front part* Near, 
the back of the fin you will feel tt becoiie softer* 
This fin Is composed of rays . R^s are generally 
branched at their tips and are segmented like bamboo* 
Look for Splnei and rays In other fins. There may be 
one or two dorsal fins. 

* 

Doirsal fins, that can fold down Into a slot : Fast swim- 
ming fishes are able to reduce drag by tucking In these 
fins. 

L'jtrge fleshy dorsal fins : Slow swlnmlng reef fishes 
have Larger dorsal fins, and th^ often flare them 
up In encounters with other fishes* * 



Lon9> thin, fin ; For fast ^steering* 
^^^2 Short, wide fin : For propulsion. 

Thick and fleshy fin on the bottom : For sitting on 
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Pelvic Fin : 




lateral Une : 




Nouths and Teeth: 




92^ 



the bottom. 

No fin ; Most eels lack pectoral fins- 

4 

' No fin : Box fish, puffers, eels^ 

Fins modified to form a little^ peg or anchor : Found 
in trigger fish to aid themjn wedging in holes* 
Normal : '1 spine, 5 branched rays, ^ . 

Look for a tjiin line along the-widdTp of the side of 
, the fish. This is the l-ateral line (lateralfside) , 
and gives the fish the ability fo sense vibrations 

in the water* 8oth sound an4 movement travel as 

* *- 

vibrations,' Some fishes lack a la^ral line. 

Long skinny mouth with small oj^ening at end : These 
are for eating food from crevices or sucking up 
small animals, ^ 

Large mouth with large teeth : .Usually found on fishes 
that eat other fishes- 

Large mouth with crushing plates or molar-like teeth : 
For eating hard shelled animals, " . 
I TiDy> tumed-up mouth : For plucking small floating 
animals from the plankton", % 
Tiny, mouth with flexible comb-like teeth : For 
scraping algae. 

Hard beak-like mouth: For biting live or dead coral. 
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GUIs and G11.1 Cover: 





^ Look into the gill area by lifting the gill cover. 
Gills are red because the many tiny gill filaments 
contain lots of blood vessels. ^Oxygen from the water 
Is absorbed by the gills to be used by the fish, and 
the waste products, carbon dioxide and aimonia, leave 
' the body by the gills. Gills do the same job-^s pur 
lungs as well as having a. number of other functions. 
In fast swimning" fishes like ahi and swordfish, gi>l 
filaments are fused together into a plate to prevent 
collapse at high swimning' speeds. 



Barbels; 




fish* that have barbies ("chin wKiskers") search for 
their food in'the sand. Nerves. in the barbels help 
the-fish sense prey. ^ . ^ - . 

Spines * other than fin spines : : " , . - 

Spines on head or tail : These can be used for pro- 
tection or in encounters with other fistiefs. 




Scales: 





No scales :^ Fast swinrting fish appear>to hdVe no scales. 
Actually they are greatly. reduced and tan only 5e' * 
seen with a microscope. This is pari of the general 
botfy streamlining. Many tide pool.fisheS and crevice 
dwellers lack scales to allow flexibility e.g. eells, 
blennies. * . , — . ^ 



Scales : Reef fisti ustwlly have them. They help 
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protect the bo<ty. 




/ 

/. 



These are for, smell ing^ not for breathing. Fishes 
usually have two pair$, ' , 



^ Usually larger in night feeding fishes, * 



Now that you've found all these varioi^ body parts and discussed 
their use,- each student group should be abl« to write a short report 
about the life they think their fish leads. 

ACmiTYIII: ' Ih-Class ' , ' \ 
Objec tiv6 : To understaiid how a fish moves. 

Procedure : ' The movie, "Fish - Master of Kovement" (l& fein) can be ob- 
tained from the main branch "of the State Library. They will take res- 
ervations for the film up to one month ahead of the time it Is to be 
used and will loan it for 4 days., This movie explains how the differ- 
ent parts t)f the bocjy are used in motion by a variety of ^fishes. 

QUESTIONS FOR'CLASS OISCUSSION : 

1, How is the shape of a'fish adapted to move through the water 
. effijJiently.? . - 

2, What do most fish^ use their'tail for?- 

3, What <Jo iilost fishes use their fins for? ^ 

4, sonte exceptions to questions 2 & 3, • 

5, What dqes a "swiin"'or "air" bladder do'for a fish? Upy is it 
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important? Ftshes that sit on the bottom a lo^f often don't have one 

Why? . \ 

TOPIC 2: FISH I OENTIFI CATION 
ACTIVITY IV : In-^ass ^ 

Objecti ve : To^e able to recognize some common Hawaiian fish families. 
Materials : Marine animal slides are available from your district office. 
Procedure : Activity II will have heightened the student's awareness of 
the different shapes, colors and parts of a fish. This awareness will 
be reinforced during this activity* 

Each slide has a nienber and a description of the animal shown. 
The following is a script using these slides, and includes information 
Specific, to the points discyssed in Activity IJ, 
VS.11de # Description 

146 ; Butterfiyflshes are deep-bodied and thin* and therefore h^rd 

tp eat and adept at maneuvering in tightvplaces. They 
are Often brightly colored with y^ljow, black, and white,, . 
Usually there is a dark strip throud^ the eye, perhaps 
to make the head less apparent* 

149 Large spots on the bo<(y may act as "false" eye spots, con- 

, fusing a predatbr about which end is the ^ead of^he fish and 
its size, ^ * ^ . ' , 

144 Butterflyfishes eat differen^ things* This one plllicks food 

^ .frgp crevices, 

148 Thfs butterflyfish scrapes live coral tissue, ^ * 

111 Surgeonfishes are also deep-bodied and thin and usually 

live close to the reef. They are often dark colored and 




have a sharp spine at the base of the tail wTiich they use 
aggressively against other fishes if necessary* Surgeon-^ 
fishes have flexible comb-like teeth for eating algae. 
Hawkflshes sit on the bottwn or on coral heads and wait for 
prey to come by. They have squat bodies and mottled colora- 
tion, both of which make them less visible to their pre^' 
Some scorplonfishes live like Hawkfish^s. They sit on the 
bottom and are camouflaged by their color and squat shape* 
The leaffish Is an unusual scorpionfish because it is deep 
bodied and lives hn the bottom. It mimics 4 ^eaf wafting 
in the current by rocking back and forth as it sits on the 
bottom. Small fishes are fooled by this and are eaten 
when they colne^too close. 

Anglerflshes look like lumps of colorful sponge or rocks. 
They too, are bottom dwellers, luring. prey to themselves 
by wiggling their modified first dorsal spine. This spine 
resembles a small worm on a thin fishing ^pole. They show 
the squat bottom dwelling form with comouflage coloration. 
Wrasses have cigar shaped bodies and broad, slow swirmiing 
tails. ^ They usually swim with their pectoral fins. Nearly 
all eat benthic (bottom dwelling) , Invertebrates. 
The '^cleaning wrasse" Is an exception to the last statement* 
It Is highly specialized In size (small), color {bright 
and distinctive), and mputh structure (adapted to pluck . 

... 

parasites from the skin). It stays in one area on the reef, 
and other fish come to it to have their parasites^cleaned 

' £16 * ' . 



off. Fish do not eat this cleaner* and in other parts 
of the tropics other small fish mimic the size and color 
of this fish* and when a fish comes to^e cleaned* they 
take a bit out of it! 

ttoray eels have elongate* slippery bodies^ and u$ua'lly 
mottled colors- 
Some eels have sharp teeth for catching fishes- 
*Other eels have blunt* crushing teeth foi* eating animals 
with shells. All live in crevices in the reef. 
The Trigger fish or "humu humu*'^is a slow swirmiing fish . 
that dives inta a hole when frightened* It has a strong 
spine on 'the top of t^e head above the eye which it can 
erect to help wedge itself tightly into Its binding place* 
It has a very strong head and teeth for breaking up shelled 
aniinals* Notice th6 absence of pelvic fins* ^ 
Pufferftshes are also slow swimmers/ They protect them- 
selves by trieir ability to puff themselves up to a larger 



size. Perhaps this discourages predators who 




they were going to eat a sinall fish* and suddenly find a 
lar^r fish- ffl so, puffers are poisonous* Some puffer- 
fish are covered" with spines (no slide)- Puffers have 
strong crushing plates instead of teeth^* ind lack pelvic fins* 
BoKflshes have hard* box-like bodies and teetiLt)n the 
lower part of th^head for scraping food from hard sur-^^ 
faces-' These fish secrete a poison. into the waiter when 
excited or frlj^tened and for this reason are not good _ 



In aquarliwis** 

103 ^ Cowflshes are close relatives of boxfishes and also have 

i 

a hard* bony boc^y* 

T14 Aweoweo is a red fl*sh with large eyes* It hides during ^ 

the daiy and' feeds at night* ' 
115 Squirrelflshes are also red and have large^eyes* Th^ .too 

^ hide in caves during the day and come out at night to feed. 

100 ^ Edgle Rays are sting rays that spend most of their time 

swlimring over the reef* They have hard, boi>y plates tfr 
their mouths for cruSTHng bottom-dwell ing>an1mals* Other 
kinds of sttng r^ys lie buried in the sand* The large 
^ ' Manta R^y is related to the Eagle Ray, but. lacks a sharp ^ 
spine at; the base of the tall* Mantas eat-plankton, using 
, the large flaps next to their mouths. 

ACTIVITY V - In-tlas# 

Two new audlo-vlsuaT aids about local fish ecology are available: 

1. "Ecology of Coral Reef Fishes*^ by Edmund S* Hobson is a two-^ 
part color^sound film strip. Part 1 Is 50 frames, 11 minutes; 
and part Z Is 44 framesV 9 minutes. Tfjls fllmstrip Is^^avall- 
able through your district office- ^ ' ^ 

2. "The, Sbctal Biology of Butterflyfishgs" by Ernst Reese, is a ^ 
12 minutes; 16 rrni souad-color film. This film Is available 

^ ^through from Department of Education Audiovisual Services 
"^Unl't* MaTce arrangements to morrow this film wetl in a^dvance. 



TOPIC 3: FISH AS A SUBJECT fOR ART ' 

AaiVITY VI - IN-aASS I 

The fish used in Activity II can be used further. 

1. You can cook and eat them; 

2. You can use them in the following art activity. 





ftvotaku: Fish Printing 
Materials : 

Intft4 or SiAirf Ink 

Paint brushes (no* 8 or ^ Inch size) ^ 
\K th1n absorbent paper* such as Japanese r1ce paper, paper 
towe^ls or newsprint* 
Freshly dead fish 
procedure : . . ; 

1. Rinse the fish and dry it. If the fish is covered with . 
mucus., remove it with soap^and water. ^ 
^ 2. If you want to add color to the fish print later, record 
> /Where the various colors are located on the fish used in 
printing. . . ^ • . , 
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3* Brush ink completely over one side of the dry fish, but 
do not paint the eye., The ink should be heaviest around 
the edges of the fish and lightest in the center* 

4. Press the paper on the inked fish, etnphasizing the out* 
line. 

5. Peel the paper off carefully and let the ink dry. Add a ^ 
dot ^or the eye and ai>y colors you wish. 

Fish printing takes some practice, but can yeild satisfying 
results even to beginners. 

Reference: S6a World Magazine, Fall 1977. (. * 

I 
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FIELD TRIP VI - SEA LIFE PARK 



Instructional Goal , \ . 

Instructional Objectives 

Performance Expectations 

Essential Competencies 

Topics Discussed 

Field Trip Site 

Introduction , , ; , . 

Physical Description 

Biological Description \ . . 

TopicTl - Observations of living fishes 

^ J^ctlvity I * -On-site; observe fishes 

and draw conclusions about 
their. life styles 

bpic 2 - Sharks as food * * 

Activity II -Post-field trip; prepare 

shark to eat 



REFERENCES ^ 



FIELD TRIP VI - SEA LIFE PARK 

■ ^ 

Instructional Goal 

Students villi demonstrate an appreciation for the Interdependence ^ 
of living things In the closed earth system- 

Instructlonal Objectives 

Give examples of how an organism depends on 
Its ability to adjust to Its environment, ■ 

Explain how people make the inost of their adaptations 
through the use of their intelligence. 

Performance Expectations 

Uses a variety of resources to gain irifor1|at1on on environmental matters. 

Conducts simple investigations to gain first-hand Information on 
environmental matters, 

\ 

Integrates infonnation gained from resources with information gained 
through direct experiences to develop understanding of environmental 
matters. 

Essential Competencies 

Reach reasoned solutions to commonl^ encountered problems, ' 
Use resources for Independent learning, 

. ■ / 
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TOPICS DISCUSSED : 

1. OBSERVATIONS OF LIVING FISHES 

2. SHARKS AS FOOD 

FIELD TRIP SITE : 

Sea Life Park occupies a 62 &cre site on the windward side of Oahu; 
It Is located on Makapuu^olnt, opposite Makapuu Beach Park, on KaUt^anaole 
Highway. The park sits on the youngest lava flow on the Island. 

Special arrangements can be made to visit only the reef tank for a 
reduced price. Call Sea Life Park's Waiklkl Sales Office, 923-1531. Sea 
Life Park will send you a handout titled "A Student's Guide to Sea Life 
Park" when you book your tour. 

The Park opens at 9:30 a.m. and shows In the Reef Tank are at 10:10, 
12:00 and 2:00. During the show the fish are fed byi,a diver while Infor- 
niatlon about the animals Is given over the PA system. 

f : f 
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INTRODUaiOH : 

Jhe "In-Class Field Trip" was designed to teach students to make 
meaningful observations of fishes. Given a living fish in its natural 
envfronment, students should>be able to deduce how it "makes its living"- 
where It lives, what and how It eati, and how 1t protects Itself, Since 
a snorkeling field trip to view fishes In their natural environment Is 
not possible for roost classes, the Reef Tank at Sea Life Park will be 
used as an observation site. <^ ^ 

PHYSICAL DESCRIPTION ; ' 

The reef Tank contains 300,000 ^llons of water and hundreds of 
fishes. Mater for the reef tank, and all exhibits at the park Is pumped 
In from wells off of Makapuu Beach. 

The Reef Tank Is designed to provide many different reef environments 
Including caves, sand patches, rocks, a few coral heads, arches, open 
water, and even tidepools* Since the^tank Is large and provides a diverse 
topography. It Is possible for a fish to find a reasonably natural 
habitat, enhancing the students* observational efforts* 

BIOLOGICAL DESCRIPTION : 

The Reef Tank houses a large number and variety of Hawaiian reef 
fish, ranging from the tiny cleaning wrasse to Urge sting rays and 
sharks. The many colors, shapes and sizes of fishes occupying a wide 
variety of habitats are easily seen by students, 

TOPIC 1: OBSt^ATIONS OF LIVING FISHES 

If the students have done the 4ctivl'ties, given in the "In-Class 
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Field Trip" they will be familiar with the concepts used in the following 
activities. If Hot, provide students with a^sketch showing parts of a 

fish such as the one on page E8. 
ACTIVITY I - On-sl te 

Objective : To observe living fishes and draw conclusions about their 
lifestyles. 

Materials : Each student should have: 

1, Clipboard 

2, ' A few sheets 'of both drawing and writing paper. 

3, Pencil 

4, Colored pens or pencils 
Procedure : 

Have students observe the fish In the Reef Tank for a few minutes, 
and then do the following: 

1, Pick one, reef fish In the Reef Tank and observe It for a few 
minutes. Do not use a shark or ray for this activity^. 

2, Draw a picture of it in outline both side view and cross-section, 

3, Indicate which fin or fins It uses for propulsion, 

4, Draw in its colors, 

5, Where. is It spendlng mibst of Its time In the tank? (In caves, or on 
the bottom, high In the water etc) 

6, ^ Is it. swimming alone or in a school? 

7, " What shape Is the tall? What does this tell you about the fish? 

8, What is the shape of the pectoral ftn? What does this tell you about 
the fish? * ^ ' ^ 

9, Are there one or two dorsal fins? Do you notice the fish using the 
dorsal fin during encounters with other fish? {e,g/ flaring It u|i) 
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10* does the fish appear to be eating, anything? (Don't count the food 
from the diver.) 

11* Does the fish have a large or small mouth? What clo you think it 
eats? : 

12. Are the eyes large or small in comparison with other fishes? 

13, From your observations what can you tell about this fish's lifestyle 
and habitat? _ 

14* Do you know the name of this fish or the group of fishes It belongs 
to? What is It about the fish that helps you recognize It? 

SHARKS \ 
U Draw a shark* 

2. Hame the fins. 

3. Compare the placement of the fins to the fins of the other fish you 
'have drawn. Which ones are different? How Is the shark using its 
lower body fins that Is different from your fish? t 

4. How does the shark propel^ his body? 

5* Fish that are strong swimmers have a lot of body muscle, and are 
usually prized food fish. Do you think shark^ would- be good to eat? 
, Explain. 

6* What color Is the shark. Is its coTor more similar to reef fishes <>r 
open water fishes? 

7. How many gill opening does the shark have? How many does your fish 
have? 

8. Are there any other structures associated with the pelvic fins. (The 
male copulatory organs are attached to these fins*) 

Us 
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RAYS ^ * . 

1. Draw a ray* ^ 

2. How does It swim? How does its style of swirmiing compare to that of 
. a shark? 

3. Th^ tall has a stinger at the base* can you see It? Draw it in* 

4. How i>pny. gill openings does It have? What other fish has gill 
openings like this? 

5* Where does this ray spend most of its time in the tank? 
6* Does its color help adapt it to its habitat? 

TOPIC 2: SHARKS AS FOOD 
ACTIVITY II - In-class 

Objective : To acquaint the students with the idea of shark as food. 
Materials : 

K Obtain a copy of "Ono Hawaiian Shark Recipes" from University of Hawaii 

Sea Grant Marine Advisory Program* 
2* Shark meat from a fish market 
3* Electric frying pan * > 

4* Food Items called for In the recipe of yourxho^ce* , 

J 

Procedures- 

Use the "Ono Hawaiian Shark Recipes" book to Introduce students to 

the Idea of shark as food, and to find a few rectpes that the class 

— ._ ^ 

would enjoy preparing and eating* Shark meat Is 'very good, and you , 

should have no qualms about eating It* .- 

* * * '■ 

\ 

■ V 



REFERENCES • ' 

Tachltiana, A. (EcHtor) "tftio Hawaiian Shark Recipes." 

UhlversUy of Hawaii - Sea Grant publication W-77-03, 

Kay, 1977. 



/ 



T 



FIELD TRIP VII - KUALOA REEF 

Instructional Goal * G2 

Instructional Objectives jp-G2 

Perfopnance Expectations. < | G2 

£ss€ffvtial Competen^Tes ****** ^ G3 

Topi cs^Dtscussed G4 

Field Trip Site , * * G4 

Introduction 65 

Physical Description * * ^ G5 

Biological IJescription G5 

Topic 1 - What an alga is . , G6 

Activity I - Pre-fleld trip; understanding 

the differences and similarities 

between algae and land plants * _ * G7 

Topic 2 - The different forms of algae G8 

Activity II -Pre-field trip; slide talk on 

algae forms G8 

Activity III -On-site; forms of algae on the. ■ 

reef flat * GIO 

Activity IV , - On-site; algae Identification * * * * G12 

Topic 3 - Abundance of various foimis of algae ****** G13 
Activity V - On-site;. abundance of various 

forms on the reef * * * * G13 

' Topic 4 - Human impact on algae and uses of algae * * * * G16 

Activity VI -In-class; Introduction of non- 
native plants and animals to 

Hawaii G17 

Activity VII -On-site; pressing algae *' G18 

Activity VIII - Pre-fleld trip; algae used 

as food ***** *^ G19 

Actlvlty.lX- On-site or In-class; preparing 

and eating limu G20 



APPENDIX - Key to the algae on Kualoa Reef 

Limu Recipes * 

Suggested Readings * "*, 

REFERENCES . . / * * * * 
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FIELD TRIP VII - KUALOA REEF 

Instructional Goal * 
* 

Students will denwnstrate an ap|>reciation fop the interdependence 
of living things in the closed earth system. 

Instructional Objectives 

Give exanples of how survival of an organism depends on Sc, SS; H 
its ability to adjust to its environment. 

^xplain how people make the most of their adaptations « Sc, SS, H, 
through the use of their intelligence. N 

^Collect evidence showing how the "balance of nature** has Sc, SS 
become upset with the removal (or addition) of a species 
from (or to) an eco^community* 

Explain the con^lexities of an ecological problem witbin Sc, SS, H, LA 
a given ecosystem. 



J 

)gical jjroblem in 
to ciirrect it. 



Identify an ecological jifoblem in the conmunity and SS, ScTH 

"^design a program 

Formulate a hypothesis about how changed environmental SS, Sc, H 

practices may affect the ecological balance* 

Discuss how the manipulation of one environmental SS, Sc, H 

element. affects all eleiAnts, 

Suggest ways to guar^ against detrinientql environmental Sc, H, LA* SS, 
manipulations of ecosystem. V 



Pe^^ormanc^ Expectations * 

Us/ a variety of resources to gain information on environmental matters. 

Conducts^ simple investigations to ga,in first-hand information on 
environmental matters, ^ 

Integrates information gained from resources with information gained 
through direct expei4^nces to develop understanding <^ environmental 
matters* J 
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identifies state and federal ^governments agencies primarily concerned 
with environmentarl management or control- ^ — 

Identifies nbn^govemment groups primarily concerned with 
environmental matters. 

Describes responsibilities of state and federal agencies for ^ - 
environmental management or control. 

i 

Describes the functions of non-governmenta2 groups concerned with 
environmental matters. ' / ^ 

t 4 

Identifies stdte or federal law designed|to protect people and the 
environment and discusses thei r effectiveness. 

Cites examples of negative and positive ways human beings can change 
the envi ronment. 

Identifies specific contributions one can make to help human beings 
live in harmony with £he environment- 

Essential Compltencies 

Reach reasoned solutions to cor^nonly encountered problems . 

OJstingutsh fact from opinion^'in TV and radio news broadcasts! adver- 
trying, newspaper and magazine articles, and public speeches. « 

Us& resources fior independent learning. ^ , 

Demonstrate knowledge. of the basic structure and functions of national, 
state, and local, governments- 

Demons^a^ knowledge of important citizen rights and responsibilities. 
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TOPICS 'DISCUSSED: 



SOME OF THE. WAYS. IN WHICH AL&AE;DIFFER IN FORK. 

/ 



1. WHAT AN ALGA IS, 

2. 

3. DIFFERENT-ALGAL. FORflS VARY IN ABUNDANCE. SOME TYPES ARE MORE 
FREQUENTLY ENCOUNTERED THAN OTHERS. 

4 

4; HUHAN IMPACT, ITS EFFECT ON ALGAL POPULATIONS AND SOME OF THE WAYS 

THAT Algae are used by humans. 
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FIELD TRIP SITE : 

Kualoa Regional Beach Park is on the north end' of Kaneohe Bay and 
can be reached from Kamehameha Highway' (Highway 83). Once you turn Into 
the park, stay on the^ad that parallels the beach. A large parking 
area Is located a short distance down this road, just past the right- 
hand turn-off to ^e^wpping areas- The park has an extensive lawn area 
and a narrow sandy beach- Facilities include >estrooms, showers and 
drinking fountains. During a low-tide of less than H foot, water depth 
*near shore is less than 3 feet. 
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INTROOUCTIOW : 

Algae^ are of primary Importance In the marine environment. They 
assuiDe the role in the sea that terrestrial plants fill on the lanf; they 
begin the food chain. Algae are also Important as reef builders and 
s^ind producers and provide habitats for many small marine animals. 

In |)awa11, algae ar^ ustd as food, and the word "limu" means 
"edible seaweed'' to most people. However, the definition in t;tie Hawaiian- 
English OlctlonaryNby Pukui and Elbert is much broader, including "all 
- kinds of plants living under water, both frest]; and salt, also algae growing 
in ar^y danip place in the iir". In addition to their use as food, algae 

have a1$o been used medicinally and In religious cerertionies by Hawaitans.% 

r J' ^ 

, PHYSICAL DESCRIPtlON: * ^ / 

. The Kualoa Regitfiva^^^^^T^ located at the northern end of\Kaneohe 
Bay r^ear the old Sugar Miji ruins, It is bounded by Kamehameha, Hlg^1we^y 

,on-the north, by the PaciflcJ)cean the east, Kaneohe Bay on the south 
«nd Holll Fishpond on the west. Ch\naman's Hat" (Jtokoll'l) island is a 
short distance offshore and can be- reafttied by foot during extreme lowtides, 
A biroad, flat reef extends about/'a third of a mile offshore, A deep 
water channel enters JCaneohe at the edge of this, fringing reefr . 
providing cTean ocean water at this end of the bay. 



. BIOLOGICAL DESCRIPTION : ^ 

The reef at this sit» is extensive, shallow and moderately protected 

1 "Alga" is singular and "algae" is plural < 
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from ocean swelU, ' A wide variety of algae grow on the reef and many 
different types' can often Be found washed up on the beach. 

TOPIC 1: WHAT AN ALGA IS 

"Marine algae, or seaweeds, fVll the same role in the sea that 
terrestrial plants do on land; througH^ the process of photosynthesis 
they able to use the sun's energy to produce food' for themselves, 
and in turn, are utilized as food by animals and hunans. 

Marine algae, like land plants, need sunlight, water, nutrients, 
upright support, and A means of distributing their reproductive products. 
However, since water Is quite a different medium than air, marine algae ^ 
are very different from land plants. ^ 

Sunlight is absorbed quickly and selectively by seawater; the longer 
red, orange and yellow wavelengths are removed first, leaving 
only the shorter blue and green. The results of this ^are that photo- 
synthetic 'plants* can only live in a very narrow sujilit band ^riear the 

surface of the ocean and tha:^ deeper than a few meters plants must have 
if 

speciali^ei^^pigments capable of utilizing the short blue and green wave- 
lengths. Thjs isfbne of the ways in which seaweeds differ from larrd 
plants. ( 

Land plants absorb water and nutrients by means of their root system. 
Algae lack a complex root system. Their water and nutrients are all 
around them, to be absorbed as needed. Algae have .a structure for 
attachment, called a holdfast , which should not be confusejl with **roots", 

Verticality in the marine environment is achieved by gas bladders^ 
or trapped gas bubbles providing buoyancy, or internal cellular pressure 

. . ' ^ 153. ^/ ' 
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making {he algal body "turgid** or stiff, 

Dispersal of reproductive products of land plants may involve bright " 
colors, pollen, birds and bees. In contrast, reproductive products 
of seaweeds are shed into the sea with currents as their means of transport. 
Algae are fldapted to a different environment than land plants, and their 
structures differ. 
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ACTIVITY I ' Pre-Fleld Trip 

Objective : To understand the differences and similarities between algae 
and land plants. 

Procedure : Use the preceding general information as a basis for under- 
standing the. major differences and similarities and to direct student 
reports and discussions. Have students present short oral reports on 
the^ following topics, dnd/or^other related topics which seemf appropriate 

to you, ^ ' 

* ' 

1, What is photosynthesis?' 
V 2, What are primary producers? 
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3, Explain the absorption of the color spectrum In water. 

4, What are plant pljptents? Do algae have the same kinds as land 
plants? 

5, How do roots work? Why don't algae have roots? ^ 

6, How do land plants reproduce? How do algae reproduce? 

7, Ccn^are the parts of a plant and the parts of an a^lga. 

* 

TOPIC 2: THE DIFFERENT F0RW5 OF ALGAE 

Traditionally, the algae are divided Into major groups based on their 
pigmentation. In many cases It would be difficult for students to declde^ 
to which group a particular alga belongs because Its c6lorat1on would be 
deceiving. For this reasoft, the activities dealing with Identification 
of algae concentrate on form and certain ecological features, A pre-flel^ 
trip slide show and an Identification key (see appendix) lU^jstrate the 
major forms. 



ACTIVITY II - Pre-Fleld Trip 
' ' 1 

Objective : To be acquainted with som^ of the various forms* of algae. 
Procedure: Your district office has set of slides of algae which are 
nianbered. Use these slides to give the following Introduction to^lgal 
forms, (Script prepared by Paula 8usseJ 



Slide if 

^ -+ 

TradltionaDy, the algae are divided Into major groups depending 

on. their pigmentation. The major groups include the Blue-Green, 

* Green, Red and Browrt algae. While the Green algae are most 

:n * , ■ - 
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always a shade of green, and the brown algae are almost a brown 
hu^i the Red and Blue-^Green algae may provide some confusion. 
This Is a Blue-GreeR alga, 

whll^ this is a Red alga. In our presentation of the algae, 
therefore, we will concentrate on the various forms ratHer than' 

■ X 

using the more traditional approach. Some algae are fairly 
flattened or compressed. Examples include this iridescent Red 
alga, 

r 

this Brown al^a, 

and tKis Green alga. A basically fUt, but 'rolled-up' alga 
is this one. 

Some thread-like or feather algae are this Blue-Green, 
this green, 

* 'I 
and this Brown, ^ ^ 

Some algae are bush-like. Some good examples would be 

this one» 

or this ^ 
and this Red. 

Some algae, are hollow arid tubular, 
and still others are finger-like,. 
^Not all algae are as smooth as those described so far. 
Some algae are composed of segments which may be flattened 
and bead-like^ or ' ^ 

otherwise. 

Marty of the segmented algae are covered 4f1th lime. This 
particular seaweed Is one of the producers of beach sand. 

■ 15G 
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29 This non-segmented alga Is alse lime encrusted, * 

Another grouping may include bubble-like or glob-like 

7 algae. A bubble-like alga is this small sphere, 

37 • or this cliwnp, 

38 this Individual, 

22 or this cluster of bubbles, . , 

41 This seaweed is rather glob-shaped 

19 and so Is this specimen/ 

8 Ue have s^een but a few of the side variety of forms 1n the algae. 
When algae are ca^ected at the Kualoa ReeT site, they may be 
identified according to form by using the key In the appendix 

to that sectfon. ^\ 

ACTIVITY HI - On-site ' ' 

Ob^jective : To study the varieties of marine algae found oh this reef flat. 
Note: This activity Is designed to fost6r creativity and Imagination, 
For this. reason we have left the ''categories" of algae that the students 
are looking for loosely defined. Use your own subjective judgemerrt as to 
which algae fit each category and what constitutes "differences" among 
algae. 

Conservation: Alert sit^nts to the fact that overplcking may be 
deleterious to the ecolog^of the reef; therefore, only take enough of 
each alga to demonstrate its characteristics. 

Materials : Each group of 3 or 4 students should have the following: • 
1 to 4 lookboxes (see fippendix of "Kewalo Basin Field Trip" for 
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instructions on how to make your own.) 
/ 1 clipboard 

1 pencil . 

4 plastic bags ' ^ * ' . 

1 piece of paper with the following 7 categories listed. 
For the whole class you should provide 7 containers (buckets or larger 
dishes) in which to display the collected algae. Each container 
should be labeled. with one of the following categories: 

Container 

1. Feathery or delicate 

2. Less than 1 Inch tall 

3. Har4j crunchy or crisp * 

4. Bubble- like 

5. Branches ^th pointed tips; bushy 

6. Flattened, fairly large (more than Synches tall) 

7. Halrlike (ftlamentous) 

Procedure : Divide students Into groups of 4, Give each, group 'the * 
above listed materials* Students should gd out onto the reef and look 
fgr algae that meet the alDOve descriptions'. When they find one, they 
should, put it In their coUectijpg bag, transferring it to the appropriate 
container when they are back on shore* Give 20-30 minutes for this 
activity* when students are finished, go through the algae in each 
container and discuss the variety of types fitting eadv of the 7 
categories* Rank the categories- by the /luirter of different algae 
collected (see example)* 



ExainpliB: 




Categories 



Number ot different kinds of algae in container 



Pointed branches, bushy 



12 



Hard, crunchy or crisp 



8 



Feathery Or delicate 



5 



etc. 



Some algae may ftt 2 or 3 categories, which is f1ne,^as this Is a 
, subjective exercise* 

Some general observations that can be made are: 
K There are many dltferent kinds of algae ^ 

2. Some kinds are vety similar 

3. Some kin are quite distinctive. 

r 

r 

ACTIVITY IV - On-Site 

Objective : To identify al^ae by using an "identification key**: 
Procedure : Using the key to some of the cormion algae at Kualoa Reef- 
(see appendix to this field trip), students should attempt to identify 
some of the conspicuous algal forms. 
Ecological yNote: Diversity 

You/have just collected and categorized a number of xllfferent algae. 
Some areas have a large number of different forms of algae or a high 
degree of divtersityi Kualoa Reef and the reef near the Waiklki Aquarium 
and Natatorium are good examples. Other shorelines have a low degree bf 
diversity or support only"^ few kinds of algae/ 

Diversity of algae on a reef of shoreline can often tell you a 
great deal about that environment, as different algae have different , 
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ecological requirements {e*g. light* salinity* wave action^ etc*)* Also* 
the change in diversity over time often indicates a change in the 
environment* and in populated areas this change often indicates a ^ 
hianan-made ecological disturbance (e.g* sewage* freshwater run-off* , 
siltation» etc. See "Kaneohe Bay Field Trip" for a discussion of 
ecological disturbances in that bay)* 

TOPIC 3: DIFFERENT ALGAL FORMS VARY IM ABIIMDANCE : Some tVPes are more 
frequently encountered thrfn others* 

Some algae are more abundant than others in a given area. This 
me*ans that they are more frequently encountered during a survey of a reef 
area.. The, activity in this section is designed to Illustrate this 
concept* 

At first glance* 'the idea of "abundance" may seem very elementary* 
but it is a very useful ecological concept, when the abundance of a 
certain alga changes over time* it may signaj changes occurring in the 
environment. Abundance is interrelated, with 'diversity (see preceding 
section). For a specific example of the change. in abundance of an alga 
in Hawaii see Topic V» "HQhan Impact'', 

ACmiTY V - Abundance 

Objective : To learn that different kinds of algae vary in 
abundant; that at any given site some species will be very coirmon, 
while others wfH be less carmon. 
Materials : ^ 

1. 0.5 meter (approximately) rigid sided squares or hoops--one for 

1 I 

each group. 
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2. Lookbpxes-at least one for each group. (See appendix to 
"Kewalo Basin Field Trip" for instructions on making these.) 

3* ] cllpborad, pencil and "Field Worksheet'* for each group* 

4* Hand lenses - at least one for each group* 
Procedure : ^ect four varieties of algae that you found In activity Ill- 
Have students sketch and name the algae on the "Field Worksheet'^ Divide 
students fnto groups of 4, Each group-should walk 5 pares into the 
water, place their 0,5m rigid square or hoop on the reef and "look for 
Specimens of the ?lgae pictured on their "Field Worksheet" within this 
area. This will be "Sample 1", Count the patches of each of the selected 
algae found and record the number in the Appropriate box on the worksheet. 
For San^le 2 wal1( 5 more paces seaward and again place the square or hoop 
on the reef* Sample 3, 4 and 5 are done the same way. 

When students have finished Sampling, IJst the total number of each 
kind of algae recorded at each sample. site gn a master "Field Worksheet", 
Using this master workshtet, have students answer the foUpwing questions. 
Questions: 

K ^hlch alga was most abundant overall? Least abundant? 
2, Which was most abundant close to shore? Further out on the 
reef? 

3* What are some ecological reasons why algae might vary in 
abundance In a given area? (wave action, salinity, depth. 





KUALOA REEF FIELD WORKSHEET - ACTIVITY, V 





TOPIC 4: HUMAN IMPACT, ITS EFFECT ON ALGAL POPULATIONS AND SOME OF THE 
WAYS THAT ALGAE ARE USED BY HUMANS 

4 — J ~~ 

This section includes an examples of "human impact'*, illustrated 
by the story of Acanthophora , an alga accidentally introduced to Hawaii 
In the early 1950^s Also include is information on the human uses of 
algae as footf and art* 

ACANTHOPHORA ^ 
In 1952 the alga Acanthophora was found in Pearl Harbor, This was 

the first recorded collection of this alga from the Hawaiian Islands. 

In April 1953, a piece was found washed ^sj^e at Waikiki* By May of 

1953, it was abundant in Ke^hi Lagoon and Hauula^ 

Acanthophora eventually became common on the leeward coasts'of O^hu* 

4. 

By June of 1956, it was very cormion in Mokuleia and a weH-known botanist 
familiar with the reefs in that area made the following statement, 

.ubiquitous some distance w^t^l^n the reef; observed very rare here^ ^ 
last year/ This is first time aggressive marine alga threateninjg native 
kinds" (Doty, 1961). 

In a very few years, observers watched this alga spread from one 
site in Pearl Harbor until it encircled Oahu and increased in ''frequency 
of observance and density of standing crop" (Doty, 1961) (i.e. it was ^ 
seen more oiFten and in larger amounts). By 1961 it had spread to Kauai 
arrd to one site on»^Lanai. 

Where had it come from? Doty (1961) surmised 'it had been introduced 
to Oahu on the bottom of a boat, as it was previously kno\/n only from 
'< the far western Pacific (Ponape in the Eastern Carj^line Islands was the 
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closes't island to OahU it was known from). Boat traffic had increased 
in Hawaii during WW II and the Korean Conflict, and it could have been 
brought in then. Many sm^rlT introductions during the same time period 
possibly provided a sufficiently large inoculation to establish the 
species , ^ ^ * " 

A heavily fouled barge, the 'Yon 146*, towed to Pearl Harbor from 
Guam, may provide an example of the more specific type of event that - 
led to the establishment of Ac anthophora in Hawaii. One heavily *fouJed 
bottom' could have provided a sufficiently large inoculation for the 
species to become established (Doty, 1961). 

The first tWo collections of this alga were found 12 and 30km 

respectively from where this bar^ was drydocked and her bottom scraped. 

This vessel was 200 ft. long and 56 ft. in beam. Growths on her hull 

were often 3-8** thick. This barge was also mentioned as a possible 

v 

means of introduction for various fish and invertebrates. Other animals, 
such as jellyfish, are believed to have been introduced from the Far 
East on boat bottoms during WW II. 

ACmiJf VI - In-class (either pre-or post-field trip) 

Objective : To learn about the consequences of introducing non-native 

plant and animal life to Hawaii. / ' 

r 

Procedure : Have students find examples of other accidental or intentional 
introductions of non-native plants or animals to Hawaii and any known 
effects on the native species. (Besides the libraries, students i?iight 
try the Sierra Club, Audubon Society, Dept. of Fish and (Same, etc. for 
this type of information, see Appendix Environmental Education K-12 
Curriculum Guide.) Discuss the pros and cons of these kinds 



of introductions; i,e,, effects of the introductions, how to preymi 



accidental introduction, established laws and rules regulating intro- 



ductions, groups artd\agenc1e? Involved In regulating introduction 



ACTIVin VII - Algae pressing 

Objective: To learn the art of.pressing algae. This technique can be 
used to make a permanent collection of algae or for art projects . 
Materials : * ^ 

1, Botany filler paper, available at'most stationers, 

2, Stiff cardboard squares, a little larger than the 8*5 x 11 botany 
paper/* 

3, Cheesecloth, clean smooth cloth rags, or waxed paper. 

4, Newspaper 

5* Large flat panVj^ith seawater, 
Proce(ture: 



flat panljjU^! 



Pressed specimens make interesting collections and are often quite 
attractive. Use this technique to decorate notepaper with small or delicate 
algae, or to press larger pieces for framing. Presses may be assembled by 
using cardboard ^squares, cloth or waxed, paper and newsj^aper. Specimens 
are floated on a piecfe ot botany paper In the "flat pan, then removed 
and covered with cheesecloth, cloth or waxed paper. This mounted ailgae 
is sandwiched between newspaper and then cardboard. These units^are 
then stacked and boards or other stiff material are placed on the top 
vd bottom afr reinforcement. The entire press is then weighted down 
heavily or tied tightly* This pressure flattens the algae as they dry. 
Drying will take from 4 days to two weeks. Newspaper should be changed 
to reduce fungal growth. Two to four days is a reasonable period between 

61b -^-C? 



V 

1 



changes. More (ietai led^information on this process is available in 
Hawaiian Nature Stuc|y_ Program Reef and Shore Teacher's Guide , pp. 26-31. ; 

^CTIVITY VIII - Pre-field trip 

Objective: To become familiar with the atgae coimonly used as food in 
hhiwa^? . ^ 

Procedure : Your district office has slides of Hawaiian seaweeds. There 

— — — ^ 

is a set of 16 slides titled "Coimon Edible Hawaiian Limu"- Show these 
to the class prior to the field trij^ ta acquaint them with the edible 
types. The following ^re coimonly found on Kualoa Reef: 

1. Gracilaria coronopifolia - Limu manauea ("ogo") 

2, Grateloupia filicina - Limu hul^jhuluwaena 

3^ Ulva - Limu pllahalaha or sea lettuce * 
- 4. Enteromorpha - Limu 'ele^ele ^ 

5* Laurencia - Limu mane'one'o (A favorite of the ancient f<awaiians*) 

6, Dictvopteris - Limu ^Tpoa (Unpleasant aftertaste. Used hy ancient 
Hawaiian in time of, famine,) 

7. Sarqassum - Limu kala (ExcellWit fried like potato chips,) 

8. Codi urn (Tastes like opihi.') 

* 

9, Acanthophora , ^ ^ 

10, Hypnea - (Tastes like ogo but rajther fine,) 

( 

Descriptions and sketches of these %lg^ft are available in the key 
In the appendix* Information regarding al-gae as food, algal myths, and 
ceremonies Involving algae can also be^founji in LlHU and The Limu Eater 
(See, reference section at the end of the appendix*) 
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ACTIVITY. IX - On-site or In-class . 

Objective : To prepare and eat a llmu dish* ^ 
ProceduriefT ^tudents in your class may be famlWar with limu as food 
or may hwe a family member, oV friend who is. If so, perhaps they 
would be willing to help ivjth this activity. Equipment and supplies 
needed depend upon the re9ipe selectect^^ 

, Beclpes for dishes that Include algae may be taken from the those 
cited in the appendix or from outside sources. Some of«these recipes may be 
prepared in the field using the algae the class is likely to collect.- 
Bon appetit . 
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Appendix 
Key to th^ Alqae on l(^1od Reef 



Preliminary Not6; ^ ^ 

The various features, of many algae may be .mjore^asily observed when 
the specimen feas been placed infa vessel containing seaw^ter. This is , 
particularly true for some of the limp or finely-branchep forms as tt 
allows for the alga to spread out, etc. 

In each case, choose the set of descriptors that bes^ describe the 
specimen you are keying. When yX>u have made your selection, proceed tQ 
the letter^or number given, to right of that set. Sketches, have been 
provided to assist you In makli^g your decision where it was felt that 
they were needed. 



COMMON SEAWEEDS 



^hls section was taken from Meld Keys to Common Hawaiian Marine Animals 

d Plants . Office of InUructional Services, General Education Branch, 
Department of Education, State of Hawaii,, RS 80-9279 
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How TO^USE THE KEY 

■ . .. r ■ . 

A, Examine and familianze yourself with your specimen. Hole its color, 
size, texture^ and any other outstanding features. 

B- The key to' green algae (in the Pictorial Key for Common Hawaiian 

Seaweeds) will be used as an example in this explanation. Use the first 
nunt^er on the left when you are told to ."go to in the explanation 
that follows. . 

Start at #1 (Green Algae, second page of key). There are two descriptions 
of green algae. Read both and decide which fits your specimen. In this 
example we will suppose it fits the first description fit is a' Calcareous 
plant as determined by the acid/bubble test). Note'the number to the right 
of this description. In this case, it is the numer^Ll 2, so go on to #2. 
Next to the.nurrt)er 2 is the number (1) followed by the terms, cigar-shaped, 
sectioned arfd branching, and umbrella-like. (The number in the parenthesis 
always indicates the description you cam^ from; i,e- you came from the 
^ * number (1) to 2 - it tells you how you got where you are and where you 
have been. ) 

0* * Read the descriptions at #2 (cigar-shaped, sectioned and branching, umbrella 
like). Decide which fits your plants, and note its genus. In this case% 
your specimen is cigar-shapedv so it Is of the genus Heomeris . You have 
now keyed out on^ sample and can go on to another. 

^ Again, start at the beginning of. the key at #1, This time your plant is 
not calcareous, so go on to #3. ' - 

-Read the descriptions at 13. Your algae is branching, so go to 15, 

The branches of your specimen\de>^elop^ from a single holdfast, not a runner* 
so go on to #6. ^ ^ 

Since your algae had flat branches and Is lettuce-like^^ skip to #11. 

I, At ill, there is ooly one choice* so your plant is of the genus Ulva . 
Examirle the drawings and decide whether your particular Ulya is' one of 
, the spejies shown* ' ("400X" nteans magnified 400 times; "IX" mepns magnified 
one time, or life size*) 




Note 



Most of the local species can be Identified by their external morphology 
and their color. Some l1mu are hard to key. therefore, ci^ss-sectlon' 
preparations are necessary. Cross-sections of a1ga1 blades or stipes can be 
easily cut using a razor blade. Place a piece of a1ga on a slide and hold It 
with your forefinger placed at a 45* angle .to the slide. As you cut 
ci^ss-sectlons with the razor blade, let your finger descend to lie flat on 
the slide. This movement will push the alga fbrward as you cut. Cut a dozen 
sections as thinly as you can. Put a few drops of water on the slide to 
fiojt the cro$s-sect1ons away from each other. Put a coyer slip over the 
slide and move It gently up and down to further separate the cross-sections. . 
\Exam1ne the sections under a microscope. ^ 

KEY TO THE MARINE PLANTS 

• ■ * 

Narlfle flowering plant tialophllla 

Marl ne ■ a 1 gae . . . > 2 * 




Halophllla 



2(1) Plant green Green Algae ..pg. A-5 

PlAnt brown* sometimes with olive* 
greenish or yellowish casts but 

without pintc tinges ..Brown Algae pg. A-10 

' Plant pink or red (including ' „ 

Acanthophora which is brown in -> 

^ color) ■. Red Algae^....i pg.' A-15 

♦ Plant hairlike, darJc green or 

blaofcish 81ue-Ghreen Algae pg. A-23 

324 \. . * 



GREEN ALGAE 



1. 



2(1) 



Plants, calcareoos (a crushed piece w111 bubble 

If placed In a drop of 6 normal HCL 

Plants not calcareous (does not bubble) 



Cigar-shaped 

Sectioned and branching. 
l>iibrella-11ke,,.,' 



.2 

,3 

.Neomerls 
, Hal Itneda 
.Acetabularia 



3(1)' 
40)^ 






Neomen s IQX . Hal itneda IX ^ Acetabularia 6X 

I 

Plants bobble-like 4 * r 

Plants branching ■ , 5 

t 

Mass of bubbles ,w/ ^ Dictyosphaeria 

Small single bubbles with Internal 
stringlike supports \ ^s^. . Bornatella 
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tyosphaeria IX 



Sornatella 3X 



5(3) 



6(5) 



7(6) 



8(7) 



\ 



Branches arise from runner (rhizome) Caulerpa 

Branches develop from a single 
holdfaist. not a runner , 6 






Caulerpa spp. 2X 





i 

^ -^-section 400X 

(. '" , • " , 

Branches hoUow^ln cross section, v 7 

Branches f1at« lettuce-lltce 
(X-sectlon 2 cells thick)....: 11' 

Bubbles In blades or branches v. 8 

No bubbles In blades or branches .9 

Occasional bubbles* smooth blade margins..: ;\ , . , £nteronK)rpha 

Bubbles In each Sladfe, margins irregular.^ S1phonoc1a5^s j 





X-sectton lOOX 



Enteroworpha IX 




✓ 9(7) 




IX 




Siphonocladus 

Plants not halrlike and In dense 
clumps or mats 



Plants ha1r1)ke. 



/ 



. Valonia ^ 
Cladophoropsis ^ 
Hicrodictyon , 
Codfum 

.To 




Valonia 2X 



IX 





CUdophoropsts 2X 



lOOX 



MlcrodictySn 





10(9) Non-sepUte branches 
Septate Branches — 



Brvopsis 
Cladophora 
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BROWN ALGAE 

Plants dearly broyfn> sometimes with olive or 
greenish or yellowish casts but without any^nk tinges. 

Plants resemble hollow limips 2 

Plants not lump-like hoUow niftsses ^..3 

Plants look like a piece of brown swIss cheese — / Hydroclathus 

Plants look like brown lumpy bubble without holes/ Colpomen1a ~ 




Colpomenia IX 
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Riant hairlike EctocaYpus 

Plant not hairlike, blades flat 4 \ 




Plant with no stem running Its length 6 

^Plent with « distinct stem running Hs length 7 ■ 

Blade with Y-shaped t|^ Dictyota 

Blade fanllket calcareous Padlna 

Blade with small dark bumps '. : Spatoglossum 




IX 




IX 



X-section lOOX 




Dictvota spp. 




P&dlna IX 



IS} . , 



Spatbqlossum - 1X> 



V • 



&|4de uir6re11a-11ke With rough edges 

Blade flat, plant often with berry-like floats 



w * 4 r- r , 




Jurtlnaria 1 



Jurbinaria 
. Sargassum 

s,' 'h 



\ 



^H. 181 ^ . \ 



RED ALGAE . ; 

^ ' \. 

I 

Plant gelatinous and slimy 2 

Plant' not slimy. , - y 3 

Branches and blades roundish J Trichoglea 

Blades flat t Hal^enia~ 




Halwenia IX 



• 



. . 1 

Plant partially (pllable)t or completely calcified' 

(stiff); bubbles i^Ken placed In acid , 4 ' 

Plant not calcified ^ ' 7 

PI ant non-segmented I , . Gymnogonqrus 

Plant segmented , 5 

A 




Symnogongrus IX 



Tip of each branch with depression GaT^xaura 

Tips lack depressions,, 

'Brandling Is. dichotooious Jania 

Ifcranching Is pinnate / Cora Ulna * 




Galaxaura 2X 





Jania 20X . Corat11fl4_ 2]L \ 



Plants cjfllndrlcal In cross section 8 

Plants not cyllndMcal In cross section..^ ...17 

Plants jftiXh reddish band alternating with light band... 9 , 
Plants without bands:. ..p. 11 

Plants not hairlike* red! bands 6nly on branches Spyridia 

Plants Yialrlike, red on both stems and branches.. 10 




^ Spyridia 40X. 

pVant with whorT^ of 2 celled spines at regular 
Intervals on stem 

Plant ^lacking Whorls of 2 celled splfies at regular^ 
Intervals On stem — r 



> . 6entroceras 
, :C^ramiuin 



Centroceras 40X 



J/ 



185 



11 



Cerwitum 




\ 



UiB) , Plant hajrUke........ ...... i 12 

f . rtant nor^lrllke. 13' \ 

12(1J) * Maflt-wde up of tleirs of elongated cells of . ^ 

'.appijoj£*Mtely equal lengt^i..... Polysiphonia 

PliBt rtot « tbove Srifflthsia 




PolYstPhania 20X 



Grlffithsia 20X 



o - 
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Plant with sunken pits at tips of branches Laurencia 

Plant without sunken pUs at tips ~ 




> 

^ ' Laurencia^ 2X ^ ^ 

14(13) Plant with branch tips tapered to a point**/* f****15 

. Plant not as above * * * 16 

15(14) . Plant with vet7 few short branches ^ Gracllarla 

Plant with many s^hortened "branches between 
longer ones X * Hvpriea 

. « . 

. * Hypnea / • - " 








16(14^ Plant Is prickly Acanthophora 

Plant externally constricted.. thamp<i a 

Plant vertically branching off rhizome . Asparagopsis 

Plant wiry and plg1d Ahnfeltla 




r 





400X 



Ahnfeltia 

Plant blades with ragged vtar^lns J8 

^ Plant blades with smooth margins. 19 

18(17) Plant with blades less than 2 mm wide with 

:- recurved tips, ^ . Desmia 

^ Plant with blades of over 3-4 on wide, no 

recurved tips Amarisia 
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19(17) 



Cross section with semi-hollow interior CratftToupia 

Cross section compact ...20 



X^sectlon lOOX 




GrateloupU 



20(19) 



Cross section with small "cells" in ceritej Gell/ium 

Cro^ section without small "cells" In center.-. ... . PterocTadia 




If 



X*sect1on VOOX; A typical Xrsectlon of 

Gelidium stem, with the smaller "cells" 
packed In among the larger tissues. (A) 
Small '^cells" In outer part. (B) Small 
"cells" In Inner part. 




Gelidium 



I 




PterocUdId 20X 



BLUE-gREEN ALGAE 



Hairllkvalgae; epiphytic or attached 

Black to dark brown ; Lyngbya 

Greenish spats with *#h1te and grey. » Wo s toe. 



4 




' IX 



Lyngbya 



400X 

A 



IX 



Hostoc^ 



\ 
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. ' , ^ Limu Recipes 

Host of .thrvHawallan limu are ed1b1e> except the calcium carbonate 
containing typev . Local preferences are based on texture, ta^te, and 
availability. me recipes are basically "pickling" procedures., Boiling 
waterls used to dean, bleach, and remo^ the'bltter taste. (Very few 11mu 
^pef^j^s require th1<^). Boiling al?o softens the llrou: The boiling time Vs 
■ }£ft to the cook. v 



K Kim Chee Ogo (Korean Style) The Hawaiian name for this 

V ^ limu Is HANAUEAi The 

1 Ib.ftjgo scientific name ts* Gracilarla .. 

1/2 cup shoyi 



1/2 cup shoyi^ 
1/4 cup vineg^U 
1 Tbsp. mirin 
Ginger, grated 
Chill pepper, grated 



to taste) 

pepper, grated (add to taste) A - • ~ 

Garlic, chopped fine (add to taste) \ 

C^ean ogo, and If necessary, boll the ogo for a shaft time In a pot. Mix 
the seasonings and add t(^the boiled ogo. Nay be bottled and kept In the / 
.^efrlgerStor. , ' ^ 

Z^Kallua Ogo " ' ' 

1/2 cup red wine-vinegar ^ *» ^ 

1 lb. ogo » . 

1 tsp. sugar ' ■ , , ■ ^ 

1 tsp. chives (diced green oinons) * ^ 

1/4 diced tomato 

Hot sauce to. taste ^ 

FoUojsL the same directions as in the above recipe for Kim Cbee Ogo. ^ 

3. Pickl ed^Codium n The Hawaiian name for this 

limu is A'AlA'ULA or WAWAE'IOLE 
1/2 lb. Codium ^ 
1/2'cup (Wne-vinegar 
1/2 tsp. sUgar ' 
1/4 diced t^to 

Add sauce to* cleaned (using only pold water) Codlthn Inmedlately before 
serving. Codium toughens rapidly in the sauce. Better still, try using 
the sauce as a "-dtP"/ 



4. Limu Jsukudani : (Use on hot rice dishes) 



1 lb. ogo 

1 1/4 cup broWi sugar * 
1/2 cup mirin 
1 1/4 cup sKoyu 
1/4 tsp. MSG 

Clean limu. Bring sugar, ^hoyu, and mirin to a full boil. Place cleaned 
limu Into pan and cover with sauce, and cook to a "mush" (Be careful that 
it doesn't burn; stir frequently), Goma'{sesame seeds) and chili pepper 
may be added to taste* 
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FIELD TRIP VIII WAIKIKI AQUARIUM 

V 

Instructional Goals > 

When faced with decisions concerning the use of terrestrietl and 
extraterrestrial resources, students will select practi ces developed 
in recognition of present and future environmental and human needs/ ^ 
Students will demonstrate an appreciation for the interdependence of * 
living things in the closed ee^rth .system. 

Instructional Objectives 

Explain why algae and coral are renewable resources ^ Sc, SS 

and discuss the constraints on this renewability. 

Discuss the economic value of coral in Hawaii. \ Sc, SS, M, C 

Identify industrial practices which minimize detrimental SS, Sc, H, 
impacts on the environment. \ BPA, C 

Performance Expectations 

Uses a variety of resources to gain Information on environmental matters. 

Integrates information gained from resources with information gained 
through direct experiences to develop understanding of environmental 
matters. . 

Describes the natural resources needed by various industries and relates 
the locations of those industties-to available resources. 

Describes, the impact of various industries on the environment. 



Essential Competencies 

Reach reasoned solutions to commonly encountered problems. 
Use resources for independent learning. • 

Identify th# training, skill and background requirements of at least one. 
occupation in which the student is interested. 



TOPICS DISCUSSEO : 

1. WHAT ARE "PRECIOUS 'CORALS"? 

2. HARVESTING PRECIOUS CORALS 

3. MANUFACTURE OF PRECIOUS CORAL JEWLERY 

4. VOCATIONAL OPPORTUNITIES THE PRECIOUS CORAL INDUSTRY- 

FIELD TRIP SITE : 

The Waikiki Aquarium is on Kalakaua Avenue in Kapiolani Park. 
It is part of the University of Hawaii and is open-to the public every 
day from XO a.m. to 5 p.m^. The Aquarium has an active school tour pro- 

gram with various topics for all grat^e levels, and there is no charge 

i 

for this service- To make arrangements for the "Precious Coral Tour" 
. call 923-4725, This tour consists of a slide talk on 

the harvesting of precioiis corals and an examination of a display on 
types of corals used in jewelry and the jewelry making process. 




INTRODUniON : 

' Precious corals fo^in the basis of an ir^novative and profitable 
new Industry for Hawaii; however, rfeither the beds, of precious coral 
nor the factories wher^ the jewelry is made lend themselves to school ^ 
trips. *^For this reason, the Waikiki Aquarium, in cooperation, with M^iui 
Divers, has developed a display about these' corals . | 

Recently, a small, well-illustrated book on precious cor^ls^as 
become available, and, this took, in combination with a tour o|f the Aquar- 
riun, a trip to a jewelry store, and other information provided here, 
should give your class an idea of what this industry is all about, 

TOPIC 1 - WHAT ARE "PRECIOUS CORALS"? ' . ! - 

ACTIVITY I t Pre-Field Trip: In-Class ■ ^ , 

Objective ; To understand what corals are. 

Materials : ' , ^ ^ 

1. Film strip by Or. Art Reed on corals^ available from your 
' ^ Distrfct Office, 'giving Coral:^How it GrowV and Reprodu^e&V-^ 
Z. \ Hawaii *s Precious Corals by Or, Richard Grigg^^ available^ in 
ilibraries or bookstores. , ^ 

Procedura ; The fiVm strip and Hawaii *s Precious Corals (Ch< 3), 

describe ^hat corals, are -and how precious corals are different from yet 

similar tO reef-building corats. 

Have students answer the following questions, using the above 

* * '*t 

material $s reference. ^ 

1. Why are precious coral's used for jewelry while reef corals 
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are not? {Precious coral $ are hardand nCm-pofous . ) 

2. Why can precious corals, live at- great depths while reef 
corals cannot? (Precious corals don*t have zooxanthellae, ) 

3, Where is the living part of the caral?" What is different 
* about where the polyps live in precious corals and reef 

^ coraVs? (The polyps of reef corals sit in depressions in 
the calcium carbonate skeleton. These **cups" make^the reef 
corals porous . The skeletons of the precious corals us'ed 
1n jewelry do not have these depressions > n)aking the ske-l- 
eton smooth and hard. The living material forms a thin 
skin over this skeleton.) 

TOPIC 2 - HARVESTING PRECIOUS CORAbS 

ACTIVITY II - Pre-Field Trip: In-flass ; . ' • 

Obje ctive s To appreciate the .*3tci tement of viewingrPrecious coral. 

: ^ ' ^ 

^ \ ^ 

Materials : Hawaii's Precious Corals ^ Ch. 1 

. Procedure : Chapter one is an pxcUing first-hand account of the initial 
dive in a two-man submarine to view the preciQus coral beds off ^takapuu 
' Poilitj Oahu, , r ■ ^ 

As a project/have a group of students prepare an oral reading 
of this fascinating adventure. * 

I 

ACTIVITY III - PrerField Trip; In-Class ' 
' Objective : To leafrn about the harvesting and conservation of precious 
C(5ral. • . 



MateWals : Hawaii's Precious Corals , Ch^ 4 and 5 
Procedure : Students could read this information and answer the fol- 
lowing questions, or this could be the basis of a student oral report. 

Iv How has precious coral been harvested in the past? * 

I, How is it harvested in Hawaii? 

3, Do you think one way is better than another? Explain, 

ACTIVITY IV - On-Site ' ' v ^ " 

Objective : To learn about the various methods of harvesting the dif- 
ferent precicJUs coralsv 

Procedure ; This slide talk will be given at the Waikiki Aquarium. 
Csee "Field Trip Site"), It will cover the txiology and harvesting of 
black coral by divers off Maui and the harvesting of pinjc and gold 
coral by the Star 11 submersible in the Makapuu beds, ' 

TOPIC 3 - MANUFACTURE OF PRECIOUS CORAL JEWELRY 

Maui Divers is unique to the jewelry industry. Remarkably 

self-sufficient, they ffarvest the coral, desi^n and manufacture the 
I ■ 

jewelry, develop and build most of the machines used in jewelry pro- 

i. 

duction, and market the finished produtt* Of the 316 people that 
currently work for Maui Divers* 216 are involved in the manufacture of 
the jewelry. 

The designing of each piece of jewelry Is the first step in 
its, production* Ma^i Divers employs 19 designing goldsmiths to do ^ 
this important job. Well-trained and creative goldsmiths are dif- 
ficult to find* and. Maui Divers recj^uits w«rld-wide to fill these 
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positions.: The designing goldsmiths create new jewelry styles and 
hand'diake the one-of-a-kind pieces for the *'Des1gner" collection/ 

Once a "jewelry design is'selected for production it passes 
through many steps which will be explained at the Waikiki Aquariurji, 
During these steps the gold is formed into mountings; and the coral 
is shaped as F'equired^ The mounting then requires extensive and 
careful finishing and is finally set with the coraK 
Maui Divers has had to develop much of its fwn machinery for the shaping 
0/ the coral and the mountings. Experimental machim^ts are responsible 
for the design and building of this sophisticated machinery, and like 
the designing goldsmiths, people with these creative and highly developed 
skills are difficult to find. * 

How do people on the production line know which Styles to make 
in order to efficiently meet the demand? Maui Divers ias its own com- 
puter and computer programmers. OrdeT's-from each store are enter^ed into 
the computer eacK day. The resulting print-out determines 4i e nujber and 
styles of jewelry to be made ttie next day, ^ 

Maui Di vers" guarantees its jewelry for'li,fe and puts a lot of 
energy ifito producing a quality product -^Employees are rated for their 
productivity and the'quality of their work, an¥^hose who rate highly 
in these areas rpceive a higher hourly wage when their paj^s^les are 
adjusted during periodic reviews, "fte jewelry usually a$sociate<twith 
Maui Divers are the "Line" items. These are <he production line 
pieces. The ^'Designer" collection ctJnsi^ts of handmade, ' one-ofra-ki nd 
ieces which are usually larger and heavier than the "Line" items.f 
,ey contain more gold, substantial pieces of coral and are.often 

. I 
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set with diamonds and other precious stones. 
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ACTIVITY V - On-Site 

Objecti ve ; To understand the jewelry making process. 

Procedure : The Aquarium has a display on. this process which will be 

explained by a "docent*^ (volunteer tour guide)v ^ 



ACTIVITY VI - On-Site 

Objecti ve : To see the range of precious coral^-jewel ry available in the 
stores and to become an informed potential consumer of this product. 
Mate rials : Paper and pencil 

Procedure : The "Coral Grotto*' jewelry stores carry flaui Divers jewelry. 
One of these stores is in the^Hyatt Regency Hotel (Hemmeter Center), a 
15 minute walk fron the Aquarium. The store manager has kindly consented 
to have students come 1n> view the jewelry and ask questions. Because 
the store is small, she requests that 10 or less students be in the 
store at one time. She also requests that teachers wishing to bring 
their class^to the store call a day or two ahead of timg to inform the 
store personnel, Phone 923-3454. 

To find tf»e "Coral Grotto*', enter the Hyatt Regency through the 
Diamond Head entrance. Walk through the l)ree2eway towards the waterfall 
in the center of the hotel complex: The shop is on the left, before 
the waterfall. 

Have students do the follow.ing: 

L Once inside the store, di^ermine which displays represent J 
the "Line" items and the "Designer" collection. You will 



see other pieces of jewelry and jeweled coconut trees 
decorated with chips of pink' coral and olivine. These form ' 
the "Pele" collection. Pieces of co^al too small for use in 
the nx>re expensive jewel^7 are used here* instead of being 
was.ted. Just by looking at them decide how the jewelry 
_ these three collections differ. How do their price ranges vary? 
2^Find representatives of black, pink and gold coral jewelry, 
t^hich type of coral shows the greatest color range? 

3. Are all colors of pink coral used in the "Designer" collec- 
tion? All colors of gold cor^l? 

4. Ask the sales clerk to show you the '"Angelskvn" Grading 
Board. This shows the color range of pink coral. How does 
the color influence thejirice?. 

5. Find pieces of "Line"' items that have been ''Inland". Ask . 

the salesclerk for help if necessary. How do these com-: ■ 

v' • ' • 

pfere in price to other pieces of similar size? 

\ 

ACTIVITY VII - Post-Field Trip, In-Class ' 

Objecti ve : ^o design a piece of, coral jewelry. 

Procedure : Have students design and draw a piece of coral jewelry. 

TOPIC 4 - VOCATIONAL OPPORTUNITIES IN THE PRECIOUS CORAL INDUSTRY. 

The vocational opportunities in the preclots coral industry are / 
> varie4 and expanding. Maui Divers hires people with a wide variety. of 
skills. They are also an innovative* fast-growing, Hawaii-based, company. 
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Host of the jobs with this Company involve the making of jewelry 
' and the handling of costly matenaK Maui Divers requires that people 
applying- for jobs h^ye previous successful work experience handling 
Items or products of value orexceflent character references, Also 
important for people in the jewelry taking process are good eyesight 
artd finger dexterity. Most of the production line work Involves' care- 
ful handling and manipulating of various parts of the jewelry as it^ 
gpes through the many processes required to turn out a quality product. 

The least skilled employees on the production line begin at 
near minimum wage with raises at 3,6,12,18,24,30, and 36 month's. The 
employee's work is rated by the supervisor. More highly skilled em- 
ployees, such as jewelry designers, experimental machinist^ computer 
pfjogrammers , accountants and managers, start higher in the pay structure* 

HaUi Divers offers many benefits forMts employees, such as a 
fulTy^lJ^id me^dical and dental. plan, free life insurance, free pension 
plan, 40 hours of paid sick leave a year, a subsidized cafeteria,^ and ' 
paid vacations ranging from 2 to 4 weeks a year,' depending on lenpth of 
employment. Art incentive program rewards employees -for recruiting 
people foif job openings, for exceptional jewelry designs and for unused 
sick leave*^ The company also pays for the education of its employees 
if it relates to their jobs. For example, the company pays for ^ 
classes in management, accounting and shorthand, at a cost of $95 per 
stitfdent per class and for classes in Jewelry design at $295.00 per . 
student* Most of the employees in managerial positions have moved 
up within the company, rather than being brought in from the outside. 
The free education plan helps teach them the skills necessary to sue- 



ceed in their new positions. 

If a person is interested in becoming a jewelry designer he/she 
Can enter the company as a traninee, or after training at the Gemo'log- 
ical Institute in Santa Monica, CA or t>ther similar schools, or after 
training with other jewelry making firms. Jewelry designers are re- 
cruited world-wide. 

Another job requiring skill *and experience Is that of Res^rch 
and Developinent Experimental Machinist. These are the people that design 
and build the machines to make the jewelry. Newer jewelry designs involve 
inlaid coral, and required the development of machines to do the precision 
cutting on both the gold mounting and the coral. 

As Of September, 1978, Maui Divers employed 216-^people 
in manufacturing, 33 in administration, 59 in sales and marketing, and 
8. in deep exploratiqa,. This was a tot«] of 316 people, of which 100 were 
hired during 1978. In 1977 the company grossed $7 million. 
In 1978 it grossed $10 million. 8y 1982, the company hopes to employed 
staff of 1500 and gross $100 itfil lion. ^, 

Questions for students; 

1. If you were to work for Maui Divers, what kind of job^would you 
prefer? What kind of training would you need for Wiis job? 
How would.yoir get it?" 

2- Maui Divers has plans for extensive growth- What could limit 
this, growth? 

3. Is Maui Divers th^ kindpf industry you like to see in Hawaii? 
Explain, 

4. Do you think it's inr^)ortant that a company offer extensive 

2'JS 
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fringe benefits to 1 ts^employees? Would you rather have a 
higher hourly wage than fringe benefits? Explain. 

J- 

5. As an extra project, look into the pay scales and fringe benefits 
offered by several other companies af comparable size. 

6-: Do you think it is advantageous for a ccwnpany to be largely, 
self-sufficient (like Maui Divers)? Make a list of the 
advantages and disadvantages. 
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FINAL APPENDIX 

T^dal Information 

Infomation about tide'^ is essential for planr^ing some of your 
field trips. If you ^anti dpate shoreline field tri|)s for the school 
year, you will want to know the times that tides oc^ur well in advance. 
For this long-range planning, the tide tables printed by the U.S. 
Department of Conmerce are useful. Ask for Tide Tables 19 ♦ Central 
and: Western Pacific Ocean and Indian Ocean . These tables show the 
times and heights of the high and low tides for the'^Honolulu reference 
st^tion< Predictions are given for ^ach high and low tide for every 
day of the year. The date is listed and the day of the week abbreviated^ 
ua^erneath. The foUr daily tides are listed consecutively with the 
tiftie given in hours and minutes (24 hour clock) and the height given ijn 
fe^t and meters, To change the time between 130O and 2400 to conventional 
time, subtra<^t 12 hours. Thus, 1949 less 12O0 becomes 749, or 7:49 p.m. 
Alh times fidjusted this way will be p.m* 

The tides occur at differeat times around the island, but the data 

is given only for- the Honolulu reference station; therefore, adjustilignts 

must be made for the tides in*other areas.. This time difference is 

charted on the accompanying map of Oahu*" A "plus" in front of the time 

given means that the tide occurs later, so that th? aiftount of time given 

must be added to ^^^btrt^^J^olulu time. K a "minus-" is shown, the tiile 

occurs earlier, and that amount of time should be subtracted from :he time 

in the table. For example, a low tide in Honolulu at 12:00 noon wbuld 

occur^>^our and 21 minutes earlier in Kaneohe Bay, or at 10:39 a.TJ. This 

same low tide would occur 15 minutes later in Waianae than it did in 

Honolulu, or at 12:15 p^* . . ^ * 

*^Check in the yellow pages of the Hawaiian Telephone Directory und^r "Charts 
for purchase Information. The daily and weekend newspapers also tontains 
weekly tide information in the weather section. \ 
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"Good'* or "extreme*' low tides are those between +0.2 ft. and -0.3 ft. 
Tht best time of the year for these tides is Spring. 
TIDE CALEKDARS ' > 

You may be fami liarwith the '^Dillingham Tide Calendar", available 
from the Dillingham Corporation. ThiS^alendar expresses the tidal 
change as a wavy line over a time-height grid. This is a good tool for 
"eye-ball ing" ^the tide> but copies are in short supply. ATso> the 
adjustment times for other parts of the island are averages of the time 
differences of high and low tide. . For example, in Haleiwa high tide 
occurs 1 hour and 4 minutes earlier than in Honolulu, and low tide 
occurs 2 hours and 8 minutes earlier. The tide caler>dar shows the 
adjustment to be 1 hour and 38 minutes earlier. By using this figure 
you would have miscalculated the low^l^by ^ half an hour. However^ 
as long as you understand the time adjustment problem^ the "Dillingham 
Tide Calendar'* is great if you can get it. ^ 

Tide calendars are also published in the monthly Marine Advisory 
Program Newsletter "Makai'* avail^ible from University Of Hawaii. Sea 
Grant College^ 2540 Mai'l? Way> Spalding Ha^ 252 B> Honolulu* Hawaii 96822 

If you need any assistance in undefrstanding the tides > call the 
Education Department of the Waikiki Aquarium. 
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The times of the, tides given in the tide ta^ or on a tide 
calendar are for Honolulu, To calculate the accurate time of the tide 
for other areas on Oahu, use the time changes given on this map. 



Lale 

high -1 hr» 47 min, 
low -1 hr, 49 min. 



Haleiwa 
high -1 hr-, 
low -2 hr- 



04 min. 
08 min, 



OAHU 



Kaneohe Bay 

high -1 hr, 48 min, 

low -1 hr- 21 min. 



Waianae 
high +18 min> 
low +15 min. 



Walmanalo^ ' 

high -1 hr. 17 minT 
low -1 hr. 12 min. 



Honolulir 



Hanauma Bay 

high -1 hr. 1 inln. 

low -4B m1n» 
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UPRIGHT SPONGE 



PHYLUM PORIFERA 
SPONGES 

Sponges are the simplest of the animals 
made from more than one cell. They don't 
move and are always attached to something. 
They may be upright {like a simpte bush) 
or encrusti ng (flattened). They are often 
brightly colored. They have many small 
holes by which food and water enter the^ 
boc4y» and several large ones by which the 
water and wastes exi t. 




Sponges have skeleton elements called 
spi cules . These tiny glass rods can be 
irritating to human skin. You can examine 
the spicules by putting a little Clorox 
on a small piece of sponge. This "dissolves- 
the tissue so you can look at the spicules 
with a microscope. 



SPONGE SPICULES 




PHYLUM COELENTERATA (^CNIDARIA) . , 
SEA ANEMONES* CORAL ^OELLVFISH, HYDROIDS 

Coelenterates ar^ soft bodied. The indi- 
vidual animals are radially syrilpetricai 
{round, like a pie) with a ring of ^ 
tentacles around a central mouth. The 
tentacles have stinging cells ( nematocysts ) 
for food gathering and protection. This 
group has two basic body forms: the 
polyp and the irtedusa . 



NEMATOCrSTS 



- SEA 
ANEMONES c 





Sea anemones illustrate the polyp form of 
this group. A polyrhas an upright stalk 
with the^TOuth and tentacles directed up- 
wards. Zoanthids are colonies of anemone- 
like animals which share/tissue. Ttiey 
form soft mats of livifra animals^ 
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Jellyfish illustrate the medusa form. There 
IS no stalk, only a bell-like structure with 
the mouth and the tentacles on the under- 
surface of the bell. Jellyfish swim by 
muscular contractions of the bell. Some 
can give a painful sting. 



Corals are colonies of anemone-like animals 
whi ch secrete a hard, calcium carbonate 
(CaCOs), skeleton. Reef-building corals 
have tiny, one*celled^algae living in 
their tissue. These algae aid in the 
formation of the hard skeleton. 




HYDROIDS 



Hycjroids are colonies of polyps which form 
a plant-like strycture* The stems and 
branches of the colony are hqllow and food 
and water are passed through them. Hydroids 
can stin^ and should not be handled. 
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FLATWORM 




PHYLUM PLATYHELMINTHES 
FLATWORMS 

Flatworms are bi lateral ly symmetrical 
(having a right and left side) and very 
f 1 at . They gTide along- by secreting 
a sheet of mucqus and beating small hairs 
on their undersurface on this mucous sheet. 
Some can'swim also. They are very thin so 
that wastes can pass from the bod^ interior 
through the skin. 
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BRISTLE WORK 




PHYLUM ANNELIDA ^ 
SEGMENTED WORMS 

ArmeHd, worms are bilaterally syttmetrical 
and segmentejdi . some structures, li^te 
muscles and ki dneys , are ^repeated in each 
segment. Marine annelids are calted 
polychaetes (=many bristles) because they 
have spines or bristles^along the sides. 
These may be used for pmtection or for 
holding on in a tube. S*ne annelids, like 
the bristle wort^ are free-livh'n^ and 
are found under roclJ?. . ^ 



Tube worms , featherdusten worms ^ and 
spaghetti worms are annelids which secrete 
a protective tub^. They stay in this tube 
and, extend tentacles or fans from the head 
end to catch food. When frightened, they 
can draw this food catching apparatus in ^ 
rapi dly.. 



FEATHERDUSTER WORM 




STARFISH 



PHYLUM ECHINODERMATA 
STARFISH, SEA URCHINS, 
SEA CUCUMBERS, BRIXTtE STARS 

. Ethinoderms are basicallybuilt on a 5 ray 
plan* This plan is evident in starfish and 
brittle* stars , and can^be seen on sea ' 
urchin tests (=shells). . Echinoderms ajre 
the only group that has tglj e fp et for 
locomotion and/or. attachment. This group 
exhibits a high degre^, of ability to 
regenerate lost body 'parts. Starfish 
usually have 5 arms or at least 5 sides, 
but some, like the crown-of-thorlis , have 
many arms. There is a row of tube feet 
on the undersurface of every arm. The 
digestive and reproductive systems extend 



into, the arms^ 
a thin, pouch^ 



Starfish eat by 
like stomach over 



extruding 
theij^|^gp0y. 
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PHYLUM MOLLUSCA Q 
SNAILS, SLUGS, CLAMS 0YSTER3, 
SQUID, OCTOPUS, ET€; 

' , \^ 
MoHusks have a soft body which "^s Ssiially 
proctected a shelK The sl)<|J1 Tflay b^r 
single or pai red, . 



Mol l usks' have a marvtle^which secretes .the 
shell, ^ and which, in the cowries,, *xan cover 
the shjelK the foot is a musptjl^ structure 
which is used for crawling or" digging , 
(as in clams). Mollusks also h^ve eyes 
and rhinophores (chemically sensfMV^ 
tentacles on the head). Cones are sriajls 
which catch their prey with a veiiemous 
dart. Nudibranchs and sea hares are also 
termed sea slugs ^ "because they are ,snai Is 
with onTy "tiny Shells or none, at all.* The^ 
are often very colorful. 



Octopus , cijttlefish , chambered nautitus^ apd 
squid are all raoUusks thai feed with 
tentacles.. The chambered nautritu^ is»the 
most primative and ancient meinbjeff of thi's;^ 
group and retains a l^^ge Stfell ^ Thfe*,, 
octopus is the most highly eVofy^ Sieriiber^ , 
having a highly. developed nervous system 
and no shell. Both the octopus-and - 
cuttlefish are able to change'^olpr and* 
texture rapidly, . V - 



r- PHYLUM ARTHROPObA . ^ . , 

BARNACLES, SHRIMP, UOBSTERS, CRASS. 



Arth ropods have jointed legs and hard 
body coverings which they must molt, 
periodically in order to gro^/ During 
molting th^ hard bodj^ covering is shed, 
exposing a new, "soft one underneattv , 
This hardens ih a short time- Most 
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Brittle stars look 1 ike skinriy , black star- 
fish, but are really quite different. Their 
. body and arms are distinctly separate, they 
can drop tfieir arms at will, their digestive 
and reproductive systems do not extend into 
the arms, the arms are lined with spines, 
jand the tube feet do not have suction cups 
on the ends as they do in starfish. Brittle 
stars are commonly found under rocks. 



Sea cucumbers have an elo/igate body with 
the mouth and anus at opposite ends. The' 
mouth is ringed with food gathering tentacles. 
Soruetimes a small b]ack and white crab may 
be found'in the mouth. ^Certain kinds of 
sea cucumbers spit out sticky white threads 
when disturbed. Tube feet are found all 
over'the undersurface of most Hawai ian 
sea cucumbers, helping them to hang onto 
rocks* Sea cucumbers breath^ by pumping 
water in and out of the anus* Their * 
respiratory mechanism is inside the body 
near the anus. 



^ea urchins are usually spiny: Most are 
harmless unless you fall or step on them,^ 
^but the Qnes with long, thin spines are 
venemous* All sea urchins, ar*e edible, 
th^ gonads being the part that is eaten* 
Sea urchins eat with 5 hard teeth found 
in the center of the understrie of the body, 
' These are part o^ a larger internal structure 
called an Aristotle's lantern* Sea urchins 
have rows of tube feet among their spines, - 



Crinoids are the mosi^t ancient members of 
this group. They are also called feather 
stars . Unlike their relatives their mouth 
is on the top rather than underneath. Food 
particles are caught on the feathery arms 
and moved to ^e mouth. 



2 ' r- 
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marine arthropods are termed Crustacea 
{not barnacles though). 



Shrimps have a long abdomen and 5 pairs of ^ 
legs. They have 2 pair of antennae and ^ - 
rostrum, or point beltween the eyes. 
Usually one, two and sometimes^ three pairs 
^of legs have, pincers^ The trouthparts are 
several pairs of modified legs.^ Largfe, 
edible shrimp are Called prawns . 



Spiny lobsters have 6 pairs*of legs and no 
pincers. One p^i r of antennae is enlarged . 
greatly, and has a' spiny base; thTS structure 
is used in encounters with ohsl^r animals. 
SI ipper lobsters are flattenedHotisters with^^ 
no pinceTT^ These are closeljc reUted to 
spiny lobsters. True or Maine lobsters 
have pincers on the first pair «f legs and ^ 
are not closely related to spiny .lobsters. \ 



Hermit c^abs have a reduced and softened 
obdomeri Which they Usually cover with A 
moljusk shell. Some speties of hermits 
have sea anemones "that -live on -^he shell. 
These probably help protect the hermit crab 
from predators because they have stingirig 
cells. ' . 

Crabs have a totally reduced abdomen. All 
that is Jeft.of it is a flap under the body^ * 
which covers the reprpductiye structures. 
Crabs exhibit many adaptations to different^, 
life styles. Swinminq cr_abs, have. the last 
pair of legs paddle shaped:. Rock crabs are 
fattened and have spines orj the legs for 
hanging oato rocks In the surf ^one. Bo/ 
crabs and Kona crabs are adapted for burrowing 
in the sand.v^Some crabs have Vong eyestaljrt 
for peering out of the mud on sand in which 
they live. Many crabs are semi-terrestrial 
meaning they are adapted to Itve out of 

water for extended periods. 

^ _^ 
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AdMlt barnacles dorv't look like other members 
of this group, 'but when they^ are in the 
larval stages, they loolf'like small shrimp. 
They settle out on a hard surface and form 
their stony house around themselves. The 
2 door at the top open during high tide 
to allow ttie feathery feet to catch sma^ll 
animals in the plankton. 



RARNACLES 




SEA SQUIRT 



PHYLUM CHDRDATA, SUBPH-YLUM UROCHORDATA 
TUNICAT|S OR SEA SQUIRTS 

Sea squirts and colonial tunicates are in 
the phylum chordata (along with you and 
ly because they have Chordate characteristics 
during the larval stages. Some of these 
characteristics are gill slits and a 
notocord. ^ In the adult stage, however, they 
look like very simple animals. A sea 
squi rt is a single individual with 2 
openings into the body, one for the 
entrance of water and food arfd one for * 
exit of water and wastes. Sea squirts are 
sessile organisms^ which means they are 
permanently attached. . If you squeeze thfem, 
water will squirt out. 




COLONIAL TUNICATES 



Colonial 



tunicat 
"S^tvpe^ 



es are colonies 
animals. Often 



of tiny, 
they; form 



sea squi r-%^pe' 

themselves into petal-like arrangements. 
This is done s# they can share a common 
waste exit. 5ome of these colonies are as 
big and 'fat* as a softball, others are very 
thin. They are often colorful. 
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